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ABSIRACT 
Neutron ac t iva t ion cross-sec t ion measurements were made\ 
for isomer production to study the dependence of the nuclear 
level density on spin* The isomeric cross-sect ion r a t i o s , usingl 
thermal neutron capture reac t ion , for t a rge t nuc le i Zn-68, Zn-7y, 
Pd-llU, Sn-122, Sn-124, Te-126, Te-128, Te-13y, Ba-134, 1^-164, 
W-184, 0S-19U, Pt-196, and Hg-l96 were measured by making i r r a -
d ia t ions with a "Swimming pool" reac tor a t Trombay* Using the 
following spin d i s t r i b u t i o n (Bethe and Bloch) the isomeric r a t i o s 
were ca lcula ted for the above t a rge t nuclei* 
where Pi3) and />{Q) are the level dens i t i e s for spin J and U 
respec t ive ly and Q— i s the parameter which charac te r izes the 
d i s t r i b u t i o n in spin. Comparison between experimentally measiired 
and ca lcula ted isomeric r a t i o s i s f a i r l y good for studying the 
2 
behaviour, and approximate measurement of (X" • Since 0~ is 
proportional to the product of the moment of inertia and the 
nuclear temperature, the behaviour of cj" also tells us the 
behaviour of nuclear temperature. From comparison it is 
observed that the value of CT" in general increases with A, the 
atomic mass number, except near the magic numbers. The tempera-
ture of the nucleus also starts falling down as the neutron or 
the proton magic number is approached. It is also found that 
in cases where the isomeric state has a spin much different 
from target nucleus spin, the average value of gamma ray 
- 2 -
nmltiplicity is high except at the magic numbers where it is low* 
The isomeric ratios are much more sensitive to the 
parameter, CT' for reactions induced by high energy neutrons 
(which produce compound nuclei of high angular momentum) and 
in which neutrons (which carry away more angular momentum) are 
emitted. For it the (n,2n) reaction at 14,8 MeV was used to 
measure the isomeric ratios, for target nuclei Ge-76, Zr-90, 
Pd-lig, and Sti-123 by making irradiations with the Gockcroft-
Walton particle accelerator in this laboratory. Using statis-
tical model, which involves an angular momentum effect, the 
isomeric ratios were calculated for the target nuclei. The 
calculations were made in three parts via the computation of the 
partial compound nucleus cross-section and the normalized spin 
distribution; the calculation of the normalized spin distribution 
after the first and then the second neutron emission; and the 
computation of the normalized spin distribution following gamma 
rays emission. The final spin distribution is obtained by 
multiplying the normalized value of spin distribution by a 
cascade of gamma rays with the normalized spin distribution . 
following second neutron emission. From comparison betweoi 
experimentally measured and theoretically calculated isomeric 
ratios, the value of parameter Q- is found to be 4 + 1 for all 
the cases measured« 
A scintillation spectrometer was employed for studying 
radioactive nuclei which decay by the emission of gamma rays, and 
- 3 -
an end window beta counter was used for nucle i which decay 
through beta p a r t i c l e emission. 
For thermal neutron capture react ion the semi-ei^ir ica] 
ru l e of Mateosian and Goldhaber was studied and i t was observed 
tha t the r u l e i s va l id both for even-even nucle i and.for odd 
neutron and odd proton n u c l e i . 
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IMTRODUGTIOW 
During nuclear r eac t ions , in a few cases i t i s not 
only the ground s t a t e tha t i s produced but a t times the 
nucleus i s l e f t in an excited s t a t e from which i t decays 
usual ly to the ground s t a t e by the emission of y - r a y s . Such 
an excited s t a t e , decaying with measurable h a l f - l i f e , i s cal led 
the isomeric s t a t e , and JC-ray t r an s i t i on the isomeric t r an -
s i t i o n . The stud?/ of t h i s s t a t e i s quite important for 
understanding the d e t a i l s of nuclear strucT:ure. A few specta-
cular advances made in our knov/ledge of nuclear isomerism can 
be t raced to an understanding of isomeric l eve l s in terras of 
nuclear shel l s t ruc tu re . 
Feenberg suggested a close cor re la t ion between shel l 
s t ruc ture and nuclear isomerism. Hammach et al and Nordheim 
discussed as to how far shell model can account for the is land 
of isomerism. Mayer, anAaxel , Jensen aJid Suess have developed 
a model, of the strong spin o rb i t coupling for the more r ig id 
level assignments. The r e s u l t s are found to be in agreement 
with the spin deduced from experiments on isomeric t r a n s i t i o n s 
in nucle i belonging to the various s h e l l s . The measureaoie l i f e 
time of t r ans i t i on involved helped to inves t iga te many i n t r i n s i c 
p roper t i es of tne s t a t e i . e . spin, magnetic moment e t c . The 
i n t e r e s t has now shifted from l i f e time measurements of the 
isomers to i t s multipole character and matrix elements of 
gamma ray t r a n s i t i o n , from the study oi which many valuable 
conclusions can be drawn to check existing nuclear models and to 
modify them. The Matrix elements of % transition has remarkable 
uniformity which has strengthened the single particle model. Simi-
larly the most first excited state of even-even nuclei has spin 2 
and even parity and the transition being too fast which cannot be 
explained by a single particle modele This had led Bohr and 
Mottelson to postulate a 'cooperative phenomenon* which has been 
reinterpreted as "collective" or rotational motion of the nucleus. 
In regions where proton or neutron number are far away from the 
magic numbers, the formulae for rotational states can be success-
fully used to predict the energies and spins of the excited states 
of even-even as well as odd 'A' nuclei. Our study which previously 
was limited to nuclear properties such as measurement of spins, 
magnetic and electric moments for ground state has now been extended 
to excited state thus making a considerable extension of our know-
ledge hitherto inaccessible. 
The study of the cross-section for production of isomeric 
state is also quite interesting for understanding transition pro-
bability and various nuclear models. Inferences from isomeric 
cross-section ratio for neutron capture have in some cases been 
quite useful to decide which isomeric level has a spin close to 
the capturing state. This has assumed a shape in the form of 
semi-empirical Mateosian and Goldhaber rule. According to the 
rule the isomeric state with spin close to the compound nucleus 
is favoured. This is true for those isomeric cases which are 
formed by slov; neutron capture. It is, therefore, quite natural 
that with oiir increased confidence in 'assignments of nniltipole 
orders for isomeric transitions, the emphasis should drift in 
the direction of investigating the details and finer aspects of 
nuclear structure. 
Many workers in the past and a few recently have tried 
to relate isomeric ratio to the initial angular momentum deposited 
in the nuclear reactions and the final isomeric spins. Attempts 
were made to show the degree to which the isomeric cross-section 
ratio can give information about the dependence of nuclear level 
density on spin and the spins of the initial compoxmd state formed 
in nuclear reaction. This eventually means finding the value of a 
parameter, CT" , which chai'acterizes spin distribution in the compound 
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nucleus where <T~ is proportional to the product of moment of 
inertia and the nuclear temperature. 
Hibdon, by most direct method, found the value of (J" ,by 
counting the number of levels with various spins for neutron 
resonance in Al-28. Ericson estimated^for several nuclei using 
data from (p,p') and ( Ji, ,p) reactions. Dogulus and Macdonikld 
tried to measure o" by using the data of angular distribution of 
emitted particles. The angular distribution in the compound 
nucleus processes considered such as (n,p) and (n, o<. ) depends 
mainly on the parameter CT" and so it provides a mean of estimating 
it. Newton and Cameron estimated cr from the study of level spacing 
Most recently Huizenga and Vandenbosch measured cr from isomeric 
cross-section ratio. 
The present situation with regard to the determination 
of the important parameter Q~ is iinsatisfactory since the values 
obtained from results of Newton and Cameron differ greatly from 
those found by Erlcson. Moreover the work reported gives infor-
mation for a fairly limited range of excitation energies. It is, 
therefore, apparent that any addition on the value of CT" shall 
be quite useful. The present work was undertaken to measure more 
precisely the isomeric ratio, defined as the ratio of cross-section 
for the isomeric stafce to the ground state produced both by thermal 
neutrons from 'Apsara' reactor at Trombay and by 14,8 MeV neutrons 
from Linear Accelerator in our laboratory. At thermal neutrons, 
using (n, V )reaction, the experimentally found values were 
compared with those calculated on the basis of spin distribution 
' form due to Bethe and Bloch for dipole emission and for various 
values of cr . The best fit between experimental and computed 
value of isomeric ratio led us to determine <j~ . Since the 
change in theoretically calculated isomeric ratios from one value 
of CT" to another was rather small it was only possible to 
define limits of CT . To get precise value of'CT the.isomeric ' 
ratio measured at 14,3 HeV neutrons using (n,2n) reaction 
was used. In this case the energetic particles produces 
compound nuclei of higher angular momentum and the emission of 
particle involve large change in angular momentum. The value of 
isomeric ratios calculated for different values ofc are quite away 
from each other so it becomes possible to easily fit the experimentaJ 
isomeric cross-sec t ion r a t i o with tha t calculated from s t a t i s t i c a l 
model. This helped us to measure cr in a few cases with greater 
p rec i s ion . 
At thermal neutron tne semi-empirical r u l e of Mateosian 
and Goldhaber was studied and i t was found tha t the ru l e which was 
supposed to be t rue for even-even t a rge t nuclei i s also t rue for 
odd neutron and odd proton nuc le i . 
Simultaneously attempt was made to complete and improve 
the data on thermal neutron cross-sec t ions and on (n,2n) reac t ions 
cross-sect ion as 14,8 Me7. 
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Chapter II 
Experimental technique 
Activation analysis is the appropriate technique for 
numerous analytical problems. It is usually defined as a method 
of measuring concentration of a particular constituents in a given 
sample by measuring the characteristic radiations' emitted by the 
radioactive nuclides resulting from selected nuclear interactions. 
The mechanism involved in activation analysis has 
briefly been presented in subsequent pages of this chapter. Expre-
ssions utilized to compute it for the various elements under 
varying conditions of flux, irradiation time and sample size has 
been described with necessary details. The experimental techniques 
employed and the evaluations of errors from experimentation or from 
interfering nuclear phenomena has also been discussed. 
There are two general irradiation and analytical methods 
which apply to activation analysis. These are commonly known as the 
absolute measurements and the relative measurements. In the absolute 
measurements the sample is irradiated in a neutron flux of known 
intensity and the absolute disintegration rates of the activated 
products is done with suitably caliberated instruments. In the 
relative assesment the standard elements are irradiated simultaneous-
ly with the samples and assayed in the same manner. Since the 
later technique involves only relative measurements and no pertinent 
nuclear data is required, it usually yields more accurate resiilts 
with greater convenience than the absolute study. In our study, 
therefore , we have followed the r e l a t i v e measurements. 
A. Activation analysis technique. 
The method of ac t iva t ion cross-sec t ion measurements 
i s based on the formation of radioact ive nucl ides as a ne t r e s u l t 
of reac t ion between nuclear p a r t i c l e s and the isotopes of the 
pa r t i cu l a r element. These isotopes are transformed in to d i f fe ren t 
isotopes of e i the r the same or d i f fe ren t elements. Although there 
are many nuclear react ion which can be u t i l i z e d for t h i s purpose, 
our i n t e r e s t i s l imited to (n,X ) react ions a t thermal energies 
and (n,2n) reac t ions a t 14,8 Mev neutrons energy, 
Rubinson and Lewis has presented quite a r igorous 
treatment of the general r a t e equations governing the nuclear 
transformations and the decay of the ac t iva t ion products. Brief ly 
i t can be understood in the following equat ions. For the case of 
neutron i r r a d i a t i o n the r a t e of formation of a p a r t i c u l a r ac t iva -
t ion product, RF , in a given sample i s expressed as 
Ry = <nv)noCr = (nv) ^ i M . c r - . . . i 
-2 "1 
where (nv) i s the neutron flux (cm sec ) , n^  the number of 
t a rge t nuc l e i ; m the mass of the element in grams; A the atomic 
weight of the element; f the f rac t ional i so top ic abimdance of the 
isotope in the t a rge t element; N the Avogado's number and cr the 
ac t iva t ion c ross -sec t ion . 
It has been shovm (Feidlander and Kennedy) that the 
disintegration rate of the radioactive nuclide in the specimen 
after an arbitrary irradiation time tg^  and after it has decayed 
through a time t, is given as, 
C . E^ ¥ 
where A is the decay constant and e the decay correction; 
(I - e ) the saturation correction; G the observed counting 
rate; G the geometrical efficiency and E the absorption correction* 
From equations II and III we get on combining 
g- _. C E -^  W 
Since the absolute measurements of (nv) G involves complications, 
the relative measurements were made by irradiating the standard 
samples simultaneously with the source to be studied and then by 
studying the activity of both in the same geomtry, 
B« Mixture of Activities. 
In some cases the radioactive nuclide produced is not 
only in the ground state but simultaneously goes in an excited 
68 
isomeric state. For cjxample when Zn target nucleus is irradiated 
69 69m 
with thermal neutrons, not only Zn state is produced but Zn is 
10 
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also being formed simultaneously which Ister decays to Tsi thus 
giving a mixture of activities. In such cases of isomeric tran-
sition the contribution from the state other than which we are 
measuring can be calculated from the following expressions. 
where OX and CTu are.the cross-section for the formation of the 
state a and b (a is the isomeric state and b the ground state) and 
Tva and ^ b are the respective decay constant. 
Special cases: 
(i) When t = 0 (iee. we extrapolate the graph to find the counting 
rate at zero time). The expression ? reduces to 
(ii) When ^a<^Ab (i.e. half life of the ground state is much 
less than the isomeric state), ^a as compared to 7\h can be 
neglected, the expression V becomes; 
^ ^ ^ Ul, (y^^^)G^ y\oO-^ ) Q- - • • • M 
( i i i ) IVhen 'Xh^'X&d.e, h a l f - l i f e of the isomeric s t a t e i s 
much l e s s than the ground s t a t e ) , Ab as compared to 
Aa can be neglected, the expression V reduces t o : 
G, Source Preparation technique. 
The samples studied in our measurements were obtained 
from Johnson Matthey & Go,, Ltd., London and had a ptxrity of 
better than 99.9 percent. Most of the elements were available 
in the form of powder« 
The physical preparation of saaple for irradiation 
depend on the environments in the irradiation facility and 
especially on the type of radiations to be studied for assesment 
of the activity produced. The other factors to be considered in 
the preparation of a source are the area, the uniformity and 
chemical stability of the deposit. For maximixm precision in 
comparative measurements, suitable measures were taken to ensure 
that all the samples are as nearly as possible the same in shape 
(most commonly circular) and area. 
The self-absorption of beta radiation in a source 
depends on its thiclcness and the atomic number of the material 
forming the source as well as on the energy of the radiation. 
Although self-absorption is a more serious problem for low energy 
beta emitter, all beta emitters show self-absorption to some 
extent because of the low energy beta rays present in the beta 
ray spectra. Unoertainties in self-absorption was minimized by 
« 
making the source tmiform in thickness and keeping the thickness 
cm"2 
within 2U-4U mgm . When available in the form of powder it was 
uniformly sandwitched between two cellophane tapes over the marked 
2 
area of approximately 1.5 cm , 
The self-absorption of gamma radiation becomes cons-
picious only at very low energy radiation and high Z value. So 
a delicate balance was kept between the self-absorption and the 
specific activity of the sample. The sample to be irradiated, when 
available in the form of powder, was spread uniformly in a thin 
perspex ring which could be closed from both sides by cellophane 
tape. As measurements of gamma radiations involve various energies 
different thickness of the ring can be used, of course depending 
upon the specific activity required. 
D. Irradiation techniique. 
Reactor Irradiation; For thermal neutron irradiation, the Swimming 
Pool reactor at Trombay was used. The irradiations were carried out 
in the thermal column and also near the core of the reactor. In 
thermal column the spectrum of neutrons (Ramanna)'is maxwellian 
with a maxima at 0.025 ev and cadmium ratio for neutrons as measured 
by Indium foil is about 200. 
For thermal column irradiation the sample along with 
standard samples was enclosed in a hole in a graphite block which 
co\ild be inserted in the thermal column. The thermal neutron flux 
7 2 
at the place of irradiation was of the order of 10 neutrons cm 
, -1' 
sec • The placing or taking out of the sample took five minutes 
as everytime the reactor has to be shut down. No cadmium ratio 
correction was used for irradiation made in the thermal column as 
the percentage of thermal flux was very high at the place of 
irradiation. 
For irradiation near the core the sample was enclosed 
in a special watertight perspex or aluminium container from bottom 
of which xfas suspended a nine inch long aluminum weight in the form 
of hook. The diameter of the assembly was at no point more than the 
diameter of the irradiating pipe. Thus it was possible to lower it 
in the pipe immediately as the system was quite heavy. When the 
bottom of the weight rested on the base of the pipe the sample 
was exactly at the centre of the fuel element. The flux of neutrons 
11 2 - 1 
at the place of irradiation was 10 neutrons cm sec. Usually 
it took one or two minutes for core irradiation thus enabling to 
study short half-life cases. The percentage of resonance neutrons 
was tal^ en into account by the cadmium ratio method* Cadmium ratio 
may be defined as: 
cA D^ -i-!^  - 1 A Thermal Fliax 
Gde Ratio - 1 -f —!? ——^  =5 _„ IX 
Resonance Flux ^^ 
The 0.04 cm thickness was used to cut off 0.4 ev neutron(Hughes). 
The flux of resonance neutrons in each case was found separately 
by taking observation with and without cadmium for a particular 
activity. 
Everytime the sample was irradiated either in the 
thermal column or near the core, the flux was caliberated simul-
taneously with the help o.f standard reactions* 
Accelerator Irradiation; The 14 Me7 neutrons were obtained from 
Cockcroft Walton accelerator using the T (d,n) He reaction when 
130 KeV deutron beam strike the thin tritium targets^ Early 
deterioration of the target was avoided by using only 20 '/-^a 
beam current and by cooling it with freon gas circulation. The 
8 2 "^ 
neutron yield was 10 neutrons cm sec at the target. The maximum 
spread in the neutron energy from 0 to 180*^  is one Mev as smaller 
energies of the incident deutron is used. In the forward direction, 
i.e, at zero angle the spread is 0,5 Mev, The mean value of energy 
is 14.8 Mev, The irradiation were carried out by placing the sample 
at the back of the tritium targets but in the forward direction. Two 
foils of standard substance one on each side of the sample were 
irradiated simultaneously to enable us to caliberate the fltix, A 
Zns lucite crystal mounted on 6292 photo miiltiplier was placed at 
o 
90 to the deutron beam to act as a fast neutron monitor. The 
neutron flux variation during irradiation was hardly two to three 
percent, 
E. Measurement technique. 
Beta Irradiations; For radioactive naclei decaying through beta 
particle emission^an end window beta counter of wall thickness 
-2 2,2 mgm cm was employed. The counter was shielded in a lead of 

thickness 10-12 cms to reduce the background to 15 counts per 
minute. The posi t ion of source holder was kept fixed so as to 
ensure the geometrical r ep roduc ib i l i t y . When beta p a r t i c l e s of 
d i f fe ren t end energies are being emitted, the respec t ive values 
of mass absorption coef f ic ien ts for each end energy of the beta 
p a r t i c l e were used af ter taking in to account the proper branching 
r a t i o . Absorption cor rec t ion , E, in such cases was taken to be: 
J — ? c v e -v8>e -+C c -V J 
where a,b,c ,,. are the percentage of the branching ratio, 
/^, /^, /*"3 ,.,. are the respective mass absorption 
coefficients corresponding to the end energies of the beta par-
ticles and d is the effective thickness which the particle has 
to travel before being counted and is equal to half thickness of 
-2 
the sample in mgm cm plus thickness of the cellulose tape in 
mgm cm~^e 
To find mass absorption coef f ic ien ts a graph between etnd 
234 
energies of beta p a r t i c l e s of standard sources ( Pa (2,32 Mev> 
3^210(1^17 Mev); Tl^^^ <0,705 Mev) and Go^^(0.31 Mev) versus mass 
absorption coefficients was used. (See Fig, 1) For each standard 
source the coimting rate was plotted as a f\anction of thickness 
of aluminium foils in mgm cm"^ on a semi-logarthmic graph. The 
slope of the curve so obtained at zero thickness giv6s mass 
absorption coef f ic ien t . 
Gamma ray de tec t ion: A Nal (TI) c r y s t a l , with or without a wel l , 
mounted on a 6292 Dumond photoraultiplier was used as a de tec tor . 
The dimensions of c rys t a l s used a re : ( i ) Well type c r y s t a l , diam, 
l i " height 2"; well diam. f» and deep ^ i ?•„ ( i i ) F l a t face c rys ta l 
diam. If'* and height 2" , The pulses from the photorault iplier were 
fed through a preamplifier to a single channel s c i n t i l l a t i o n spec-
trometer. I t cons is t s of a l i nea r amplif ier , a s ingle channel 
pulse height analyzer and a sca le r . The s c i n t i l l a t i o n head compri-
sing the c rys ta l and the photoraultiplier was shielded in a lead of 
12 cm thickness thereby reducing the background counts to approxi-
mately 20 counts per minute per v o l t . The spectrometer was cal ibera ' 
137 198 > 
ted by using standard sources. (Gs (0.662 Mev), Au (0.4ial^eV; 
Hg^^^(0.279 Mev), Ge-""^ ''(0.142 Mev), Tm-'-'^ (^0e084 Mev) Mn^^(0.84eMev) 
65, 
and Zn (1.114 Mev). 
I. 
The irradiated sample was placed at the centre of the 
crystal face when flat faced crystal was used. In cases where 
well type crystal was employed the sample was placed at the bottom 
of the well with the total height of the sample in the well not 
above 3 ml as above that, the counting efficiency drops off since 
the sample is starting to approach the top of the well (Baskin et al 
Since in most of the cases it is neither convenient nor useful 
to measure the complete spectrum we have in most of the cases 
studied the photopeak. Lazoi^  Davis and Bell have described a 
Ij^ QQi SPECTRUM OF Hg-197 AND Hg-197m AT A DISTANCE OF 10.9 cm 
70keV FROr^ THE FACE OF THE CRYSTAL 
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method where in the ratio of the area under the photopeak to 
the area under the total spectrum is measurede This ratio is 
known as the photo fraction or photopeak efficiency. Spectrum 
of standard sources were draw for correlating photon energy 
and photopeak efficiency for Na I crystals (See Fig.2), Thus 
knowing the area imder the photopeak it was possible to compute 
total area under the spectrum, that is, the disintegration rate. 
In cases where more than one gamma ray is present the area under 
the photopeak for particular gamma ray was used while excluding 
the compton counts. In cases of very short half-life only decay 
curve either above a certain bias was studied or the base line 
and channel width were adjusted to include the photopeak due to 
the particular gamma ray of the activity. For measuring the 
contribution to the integrated counting rate from zero to base 
level, the spectrum of a standard source of comparable energy was 
used. 
Detection efficiency: It varies with crystal size and the 
energy of the gamma rays, is expressed as 
Dce)= C^-e^'^) XI 
Where d is the effective path length of the gamma ray inside the 
crystal which was found by drawing various path lengths in the 
same plane through the centre of the crystal at an interval 
of 10° and then taking the. average. /-*-, the gamma ray absorption 
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coefficient in Na I crystal, can be known from the curve(Bell et al). 
(See Fig,3) When more than one gamma rays in cascade were studied 
by decay curve the detection efficiency of each was calculated. 
The weightage of each gamma ray was calculated from the internal 
conversion coefficient values which were either calculated knowing 
the spins, the parities and the energies of the transition involved 
using the tables of Sliv and Band or be known from literature(Stro-
minger et al). 
use 
Self Absorptions e In case of gamma radiation it is generally 
negligible except at very low energy and high z element. ^ , the 
absorption coefficient of the element irradiated for particular 
photon energy can be seen from tables of G.R. White, Usually attempt 
was made to keep it very small. In cases where there are two gamma 
rays different values of h- was used and the contribution of each 
to the absorption was found in a manner similar to the one for 
detection efficiency. Absorption correction due to aluminium cover 
was calculated from the type G for flat faced and type F for well 
type crystal from Harshaw Chemical Company. 
F. Standard Reactions, 
The cross-section measurements were made relative to the 
T 97 1QR 
Au (n,y ) Au reaction for cases irradiated in the thermal 
coltimn or near the core of the reactor and in which scintillation 
technique was used for the detection of gamma rays. The cross-
section for the above reaction was taken as 98 ^  1 b as given in 
the AECU report no 2040 (1955). 
For thermal neutron i r r a d i a t i o n and for cases of 
beta ray detect ion the Mn (n,i(' )Mn^^ react ion was taken as 
the standard with cross-sect ion as 13.4 + 0.3 b as reported in 
BNL-325. 
For 14,8 Mev neutrons the standard react ion Al (n,p)Mg 
was used. The cross-sect ion value of 73 + 8 mb was taken as 
the average value of measurement made by d i f ferent authors a t 
14,8 MeV(Mani e t a l ; Mukherjee et a i ; Hudson and H. Liskien and 
A Paulsen) , 
G. Sources of Error 
An analysis of the experimental e r rors involved in any 
experimental data i s very important as i t ind ica tes the r e l i a b i l i t y 
of the r e s u l t s . This i s pa r t i cu l a r l y important i^ h^en s l i gh t ly 
d i f fe ren t r e s u l t s would lead to major chaiiges in the i n t e r p r e t a t i o n 
of the r e s u l t s . There are two general types of experimental e r ro rs 
those due to ana ly t ica l procedure and those due to nuclear pheno-
mena. The discussion here re fers to tne errors wnicn were expected 
and which were removed or reduced or for which appropriate co r rec t -
ions v/ere applied. The errors encountered in these measurements 
are special e i ther to tnermai neutrons or to 14,8 Mev neutrons in 
addit ion to er rors cna r ac t e r l s t i c of r ad ioac t iv i ty measurements. 
2C 
Errors Characteristic of Radioactivity Measurements. 
le Performance of equipment. 
Erratic performance of electronic equipment, mechanical 
register and timing device can cause error which can be very 
easily removed by stabilizing the electronic equipment for a 
few hours before actually using it, 
2, Geomtrical imcertainities. 
Variation in radiation intensity reaching the detector 
due to uncertainties in positioning radioactive sources while 
irradiating and also relative to the detector can cause error. 
This was removed as the position of irradiation was reproducible 
and samples were irradiated simultaneously. The position of 
sample holder for the counting system was also kept fixed, 
3, Statistical errors 
In cases where radioactive nuclei were studied by gamma 
ray detection the counting rate was quite high so this error was 
always negligible. For beta radiation the counting rate was not 
so high but the error was reduced by repeating the experiment, 
4, Gamma radiation counting by beta counter and vice versa. 
When an end window beta counter was employed, the 
detection of gamma rays along with beta particles did introduce 
some error in our measurements of the number of beta particles. 
Since the detection efficiency for gamma ray by a beta counter 
21 
is only one percent the error encoiontered is usually much less. 
But in cases of high 2, conversion electrons counted along with 
betas are source of error. Although all the beta rays get 
absorbed before reaching the crystal) but incases where end 
energy of beta particle is very high an additional aluminum foil 
could be placed to cut off all the beta rays. Thus error in 
gamma counting was negligible, 
5e Chemical Impiirity and weighing. 
Since the samples were made from 99,9 percent spectros-
coplcally pure powder the error introduced due to impurity if 
any was negligible. The weighing of the substance was done with 
a microbalance of an accuracy of 0«01 mgms in one grain resulting 
in a very small error in the total number of nuclei, 
6e Saturation factor. 
* 
In cases where the saturation factor (1 - e ) 
was kept low an error from two to five percent could be intro-
duced. In short half-life cases the irradiation is made to 
saturate it but it is usually not feasible or desirable to 
irradiate to equilibrium or saturation activation in case of 
long half-life. 
7. Errors due to various constants used. 
For computing absolute disintegration we have used 
internal conversion coefficient from literature or found from 
the tables of Sliv .and Band. The error introduced was then 
due to the error in the measured values. The measurement of 
effective thickness of the sample also causes errors to the 
tune of 2-4 percent. The value of half-life used could cause 
some error. In most of the cases the half"life was measured 
rather than taken from literature, thus making the error very 
small. Moreover the error due to wrong half-life gets compen-
sated by the saturation factor and decay correction. 
Thermal Neutrons 
I. Resonance Neutron error. 
Though cadmium ratio method removes most of the resonance 
neutrons, yet a further correction is required as cadmium itself 
absorbs a small percentage of resonance neutrons. This correction 
has been studied by Rush,KunstQdter and Tittle and it amounts to 
three percent. This error is limited to cases irradiated near 
the core as in the thermal column the cadmium ratio was very 
high, 
lie Activation gradient in the sample. 
When the cross-section for thermal neutrons is suffi-
ciently high the sample if irradiated for a long time become 
black or opaque to the incident neutrons. This results in an 
activation gradient within the sample. Such gradient can 
introduce appreciable error in the experimental data but it is 
limited only to a very few cases. 
2 
Fast Neutrons ( l4 ,8 Mev) 
(a) Thermal neutron presence: 
The la rge cross-sect ion value of thermal neutrons can 
cause serious error in f a s t neutron react ion where cross-sec t ion 
i s comparatively quite low. The thermal neutrons due to wal ls and 
heavy masses around the t a rge t were control led "by having the neares t 
wall a t 150 cm from the t a r g e t . No hydrogenous material was put 
near the t a r g e t . 
(b) The presence of (D,D) reac t ion . 
The error in the observed cross-sect ion a t 14,8 neutrons 
due to the ac t iva t ion by low energy (D,D) neutrons present during 
the i r r a d i a t i onj wi3Ll depend upon i t s i n t ens i ty and magnitude of 
c ross - sec t ion . The neutrons are produced by the react ion of the 
incident deutrons with those absorbed by the t r i t i um t a r g e t s during 
i r r a d i a t i o n . I t has been found tha t the in t ens i ty of (D,D) neutrons 
i s 200 times l e s s than (Djt) neutrons. Even when we consider t ha t 
the (n,p) and (n,d) cross-sec t ion for (D,D) neutrons are of the same 
order as for ( D , t ) , the error introduced i s only 0.5 percent . In 
(n,2n) react ion the error i s neg l ig ib le as the threshold for <n,2n) 
reac t ions are mu.ch above (D,D) neutron energies . 
(c) Inelastically scattered neutrons 
Since the t a rge t i s used were mounted on a very th in 
backing of 0.001 cm th ickness , no special er ror was p resen t . 
2 
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CHAPTER III 
MEASUREMENTS 
Measurements of all the isotopes reported in this 
chapter are divided into three main parts, based on the method 
and the reaction employed. The first part include the isotopes 
produced by thermal neutron irradiation and when measurements 
of the activity were made by scintillation spectrometer. The 
second part contain cases measured with an end windovj beta 
counter. The measurements of the Isotopes formed by the 14,8 MeV 
neutron irradiation using (n,2n) reaction, constitutes the third 
part of this chapter. 
The decay curve and or the photopeak for all the cases 
iis shown in the diagrams. The errors though not shown in the 
curve were taken into consideration while calculating the results. 
The errors assigned to the measured cross-section are statistical 
errors in the activation measurements plus that arising from 
sources described in the previous chapter. 
196 197m 196 197 
A The Hg (n,)r)Hg M D Hg (n,y)Hg REACTIONS 
A considerable discrepency exists in the values of 
isomeric ratio ^^high spin / 'T'total (High spin ^ low spin^ , 
measured by Sehgal et al (0.35 + 0.122) and by Vandenbosch and 
Huizenga (0.044 •f_ 0.008). It was, therefore, felt desirable to 
remeasure the isomeric ratio and also cross-section for the ground 
and the isomeric states. 
In measuring the above cases two sources of error are 
involved (l) Summing of different KX-rays and 77 KeV X-rays. 
and (2) Bad resolution of the crystal. The first error becomes 
quite predominant when well type crystal is used. Attempt was 
made to remove both the errors. Using If" x 2" crystal (flat 
t y p e ) , spectrum was s t ud i ed both under 70 KeV and 134 KeV fl-rays 
when 8 very small source of Hgo was placed at a distant of 10.9 
cm from the face of the crystal. Previously it was foiind that 
there was no summing after a distance of 7 cm from the face of 
the crystal. The spectrum was plotted on different days for 11 
days taking number of observations each day. The area under 
70 KeV y-rays when plotted as fimction of time, after 24 hours 
197m 
activity due to Hg has decayed, gave an activity of 65 hours 
197 
which was attributed to Hg . Similarly the area under the 134 KeV 
0 -rays when plotted as a function of time gave an activity 
l97m 
of 24 hours half-life which was attributed to Hg , The decay 
scheme shown in Fig 1(b) is from Strominger et al« 
197m 
The absolute number of disintegrations for Hg was 
1 
81^  
DECAY aiRVE OF Hg-197 & H g - 197Yn 
Ti = 24h 
7. 
0 2A 
Fig.1(c) 
A8 72 
TIME (HOURS) 
96 120 
Obtained by extrapolat ing the curve due to 134 KeV V -rays 
af te r conversion correct ion had been applied. In terna l conversion 
coeff ic ien t and K/L r a t i o used, were taken from Strominger e t a l . 
197 
The absolute number of d i s in t eg ra t ions for Hg was 
calculated af ter taking in to considerat ion the contr ibut ion from 
1) KX-rays from in te rna l conversion of 134 KeV and 164 KeV Y-rays; 
2) KX-rays a r i s ing from the 3^ EG branch of 24 hours a c t i v i t y by 
assuming tha t a l l are KX-rays capture; 3) KX-rays from the EG decay 
of 65 h a c t i v i t y , by using K/L'H^ value as U.6U as given in refo 3 ; 
and 4) KX-rays due to various t r ans i t i ons of the excited s t a t e of 
197 
Au , The possible er ror introduced by making ce r ta in assumptions 
has been taken in to considerat ion while ca lcula t ing the r e s u l t s . 
The contr ibut ion from the isomeric s t a t e was also taken in to 
account. Gadmium r a t i o was foiond separately to be 95.3 percent . 
The isomeric c ross-sec t ion r a t i o was found to be 0.042 
+ 0.008, In e a r l i e r measurements Sehgal e t al neglected the 
ef fect of summing due to various KX-rays. 
SPECTRUM OF Au-198 AT A DISTANCE OF 10.9 cm. 
FROM THE FACE OF THE' CRYSTAL 
90C» 
A 8 12 
F ig : KcJ) ' 
16 20 2A 28 32 36 AG A4 A8 52 56 60 64 
PULSE HEIGHT 
197 198 
Flux Galiberation: The Au (n,Y ) Au Reaction 
4 
Counting rate per second at zero time =6,5961 x 10 
Internal conversion correction; f'^1 =le0435 
Absorption correction; e =1,1183 
Saturation correction; (1 - e ) =5,3579x10"'^ 
Efficiency correction; (1 - e ) =1.1836 
Mass of Au in mgms; m =4,45 
Gross-section in barns; CT" =98^1 
Flux of neut rons? (nv)G =1.2762x10"^^ 
196 197m 
The Hg ( n , y )Hg React ion 
Counting r a t e per second a t zero time =100 
I n t e r n a l convers ion c o r r e c t i o n =2.3142 
SivtoTOfction c o r r e c t i o n =1,4324x10 
Photopeak e f f i c i e n c y c o r r e c t i o n =1,0867 
Mass of Hgo i n mgms =3,9 
C r o s s - s e c t i o n measured i n ba rns =129,77 
Result: 130 + 12^ bams 
The Eg^^^iuyt ) Hg^^ Reaction 
Counting rate per second at zero time =2386,4 
Absorption correction =1,5571 
Saturation correction =5,3315 x 10 
Mass of Hgo im mgms =3,9 
cross-section measured in barns =2936 
Result: 2936 ± 12^ barns 
-3 
12 
• X256 
SPECTRUM OF Pt - I97m 
p 
346 keV 
DECAY SCHEME OF Pt-197 
13. Pt^Q^"^(80mm) 
3 _Ptl^Vl8hl__i 
Fig .2 (b ) 
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196 197m 
The Pt (n, )[ )Pt REACTION 
To find the isomeric ratio it was felt desirable to 
measure the cross-section for this reaction, Pt, foil was irradiated 
197m 
in the thermal coitunn of the reactor. The radiations of Pt were 
detected with a well-type Nal (Tl activated) crystal. The photopealc 
due to 346 KeV Y-rays was studied for a number of times for 7 h. 
The area xmder the photopeak when plotted as a function of time gave 
a curve consisting of two activities (see Fig 2c ). The later 
activity when substracted from the curve gave an activity which was 
197m 
decaying wi th h a l f - l i f e of 8y min; i t was a t t r i b u t e d to P t , The 
decay scheme from Dzelepov and Peker i s shown in f i g 2b , The K and 
L convers ion c o e f f i c i e n t v a l u e s were c a l c u l a t e d from t a b l e s of S l i v 
and Band knowing the sp ins and p a r i t i e s of two l e v e l s . Gold was 
i r r a d i a t e d s imul taneous ly t o c a l i b e r a t e the neu t ron floix a t t h e 
p l a c e of i r r a d i a t i o n 
197 198 
Fltix C a l i b e r e t i o n : The Au (n , Y )AU React ion 
4 
Counting r a t e per second a t zero time = 3,2257xlU 
Absorpt ion c o r r e c t i o n = 2,1605 
S a t u r a t i o n c o r r e c t i o n = 5.0371x10"^ 
E f f i c i ency c o r r e c t i o n = 2.035U 
Mass of Au i n mgms = 394.65 
7 
F lux of n e u t r o n s = 2.4865x10 
196 197m 
The P t (n ,Y )Pt React ion 
Counting r a t e per second a t zero time =10.7833 
I n t e r n a l convers ion c o r r e c t i o n = 6 ,848 
^ t 
Absorption Gori'ection = 1.U698 
Saturat ion 8orrect ion = 0.7706 
Efficiency Correction = 1.7950 
Mass of Pt , in mgms = 120.30 
Cross-section measured in mb = 69 
Results : 69 f 15% mb 
-n o> 
n5* 
AREA UNDER THE PHOTO-PEAK 
tv> CA> J> en 
cr 
OD 
2 
m to 
ro 
U} 
o i 
. 
- 4 / 
N I - / 
U / 
4 .•> / 
bi / 
a. T 
1 
m 
1 
"H 
I Q ' 
'{ 
CO 
D 
t 
-0 
c 
r-m 
1 
m 
X 
-H 
-n 
-0 
r-
\ 
3 OJ 
3 
CO 
to 
lO 
o> 
J» 
O l 
05 
C0 
• 
f 
1 
D 
m 
o 
> 
-c 
o 
< 
m 
o 
-n 
?c 
>< 
t 
: 0 
> 
CD 
UNTS 
5> 
X 
rv> 
en 
<a 
t 
o 
^ 
/ ^ 
TS/VCLT CHANNEL WIDTH/MINUTE 
O N> 
ClL> 
CD CD 
rs 
194 195m 192 193m 
The Pt ( n , y ) P t AND Ft (n , ^ )P t REACTIONS 
Pt . f o i l a f t e r i r r a d i e t i n g in the thermal column of 
t h e r e a c t o r was allowed t o decay for 12 h. so t h a t t h e a c t i v i t y 
199 197m 
due t o Pt and Pt would decay comple te ly . The photopeak 
under 99 KeV V-rays and KX-rays was s t ud i ed fo r number of days . 
195m 
For ca lcv i l a t ing abso lu t e number of d i s i n t e g r a t i o n for P t t h e 
a rea under 99 KeV Y-rays was used . The decay scheme i s from 
P o t n i s e t a l . As 99 KeV o - r a y s photopeak was n o t c l e a r l y 
r e s o l v e d from 65 KeV KX-rsys and 13U KeV o - r ays only an upper 
l i m i t was reported, , The a rea \mder KX-rays when p l o t t e d v e r s u s 
time gave an a c t i v i t y of 4 , 5 d h a l f - l i f e which was a t t r i b u t e d to 
193 
Pt as almost a l l t he K- rays a re being conver ted . For c a l c u l a t i n j 
193m 
t h e a b s o l u t e number of d i s i n t e g r a t i o n s for P t t he c o n t r i b u t i o n 
195m 
from KX-rays due to v a r i o u s t r a n s i t i o n of P t was s u b s t r a c t e d , 
K/L r a t i o used were from Strorainger e t a l . 
194 195m 
The P t (n , V )Pt Reac t ion 
Counting r a t e per second a t zero t ime = 4 
I n t e r n a l convers ion c o r r e c t i o n = 5 .3249 
S a t u r a t i o n c o r r e c t i o n = 6,869xlU"^ 
Absorpt ion c o r r e c t i o n ~ = 2.3249 
Mass of P t i n mgms = 22U.4 
FliAX of neu t rons = «* 1040x10*^ 
Gros s - s ec t i on measured i n mb = 90 
R e s u l t s : <^120 mb 
192 193m 
The P t (n , Y ) P t React ion 
Oountlng r a t e per second a t zero time = 499,8816 
Absorption correction = 1.7622 
Saturation correction = 5.6115 x 10~^ 
Efficiency correction = 1 
Gross-section measured in barns = 72,78 
Results: 73 +19^ barns 
DECAY CURVE OF Os-190m 
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Ti :: 11 mis 
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189 19um 
The Os (n ,Y ) Os REAGTIOW 
Osmium was i r r a d i a t e d near the core of r e a c t o r . 
Immediately a f t e r i r r a d i a t i o n , the photopeak under 614 Kevo - r a y s 
was s t u d i e d . The decay c u r v e , above a very low b i a s so as t o 
i n c l u d e KX-rays and 3u KeV V - r a y s , was s t ud i ed for t h r e e h o u r s . 
I t r e s u l t e d in two a c t i v i t i e s . When the 5 ,3 h a c t i v i t y due t o 
189m 
Os was s u b s t r a c t e d , t h e remaining a c t i v i t y was foxmd t o decay 
wi th a h a l f - l i f e of 11 minu te s . This 11 minutes a c t i v i t y was 
l9Um 
a t t r i b u t e d t o OSe Using t h e va lue of i n t e r n a l convers ion co -
e f f i c i e n t s from t a b l e s of S l i v and Band the percen tage of KX-rays 
and y - r a y s i n each t r a n s i t i o n wigre foTmd t o c a l c u l a t e the e f f i -
c iency and abso rp t i on c o r r e c t i o n s . The e r r o r due t o L-convers ion 
was found t o be l e s s then o n e - p e r c e n t . Gadmiiim r a t i o was found 
s e p a r a t e l y to be 86 p e r c e n t . 
Counting r a t e per second a t zero t ime = 938,0443 
Absorption c o r r e c t i o n = 1.0931 
S a t u r a t i o n c o r r e c t i o n = 3,054x10 
Ef f i c i ency c o r r e c t i o n = 1,5126 
Mass of Os i n mgms = 5 ,3 
F lux of n e u t r o n s = 4.2226 x lO"^ "^  
G r o s s - s e c t i o n measured in mb = 8 
R e s u l t s : 8 4- 15^ mb 
i i h 
90 
SPECTRUM OF Os-191m«)s-191 
0 , 2 A 6 8 m' 12 14 16 
Frg:5{a) PULSE HEIGHT 

190 191m 190 191 
The Os (n,y )0s M D Os (n, JT ) Os REACTIONS 
Nablo et al measured the cross-section for the ground 
191 
state i.e. Os (5.342 b) and Sehgal et al measured the combined 
I9lm 
cross-section for forming both isomeric, Os , and ground states. 
The present work was undertaken to measure the cross-sections of 
the two states separately and thus to measure the isomeric ratio. 
Osmium after irradiating in the core, was studied on 
di f fe ren t days. The area under 65 KeV V-rays when p lo t ted as a 
function of time gave an ac t i v i t y of 16 h h a l f - l i f e which was 
19 im 
a t t r i bu t ed to Os* For finding absolute number of d i s in t eg ra t i ons 
191 I9lm 
for Os and Os , the in te rna l conversion coeff ic ients and K/L 
r a t i o s were taken from Nablo e t a l . For ca lcula t ing the absolute 
number of d i s in t eg ra t ions for the ground s t a t e the contr ibut ion from 
the isomeric s t a t e was also ca lcula ted . Cadmium r a t i o was found 
separately to be 83,77 percent . The decay scheme used i s from 
Strominger, Hollander and Seaborg. 
The cross-section for the ground state found to be 
3.9 4 15;^  b is in agreement with that of Nablo et al but is in 
disagreement with that measured by Seren et al (8 + 3 b). They 
probably neglected isomeric state contribution. The isomeric 
ratio (0.3_fO,l) measured experimentally is in agreement with 
theoretically calculated results, 
190 I9lm 
The Os (n,y )0s Reaction 
Counting rate per second at zero time = 640, 
Internal conversion correction = 9«7565 
Absorption correction = 1,2628 
Mass of Os in mgms =5.3 
t ) 
11 
F lux of n e u t r o n s = 4.226 x 10 
G r o s s - s e c t i o n measured in ba rns = 8.55 
R e s u l t s : 8,55 ± 15% barns 
190 191 
The Os ( n , y ) O s React ion 
Counting r a t e per second a t zero time = 105.5438 
I n t e r n a l Conversion c o r r e c t i o n = 3 . 8 
Absorpt ion c o r r e c t i o n = 1«,1669 
G r o s s - s e c t i o n measured in barns = 3 ,94 
R e s u l t s : 3 ,94 f-20^ ba rns 
lOf 
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The W (n,y )W REACTION 
The W-185m nucleus decays by the emission of 165 KeV 
and 125 KeV i n cascade . 165 KeV V - r a y s decay by E3 t r a n s i t i o n 
wh i l e 125 KeV Y-ray decay through M]_ t r a n s i t i o n . H a l f - l i f e be ing 
sma l l , only decay curve was s tud ied wi th b i a s ad jus ted to cu t off 
va lue of K and LX-rays, The a c t i v i t y of 1,5 min h a l f - l i f e observed 
185 m 
was a t t r i b u t e d to W , The decay scheme as shown i n f i g . 6b i s from 
Dzelepov and Peker and knowing the t r a n s i t i o n , t h e i n t e r n a l conver -
s ion c o e f f i c i e n t va lue s for both t r a n s i t i o n s were c a l c u l a t e d u s i n g 
t a b l e s of S l i v and Band. Cadmium r a t i o was found s e p a r a t e l y 
83 .98 percent* 
3 
Counting rate per second at zero time = 2*5977 x lO 
Internal conversion correction = 1.14 
Saturation correction = 1,3445 x lO" 
Absorption correction = 1.0948 
Efficiency correction . = 1,0366 
Mass of ¥03 in mgras = 4.25 
Flux of neutrons = 4.2216 x 10 
Gross-section measured in mb = 22 
Results: 22 if- 15^ mb 
IP 26 3^ 
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The Er (n ,Y )Er REACTION 
Seren e t a l measured the comlsined c r o s s - s e c t i o n of 
167m 171 
2 ,5 S a c t i v i t y due to Er and 7 .8 h a c t i v i t y due to Er 
us ing an end window b e t a coun te r . This inc luded i n t e r n a l con-
165 
v e r s i o n e l e c t r o n s due to Er a c t i v i t y decaying wi th a h a l f - l i f e 
of 9«9 hourse Thus e r r o r s envolved in t h e i r measurements shouia 
be ve ry h i g h . 
In our measurement Erbium Oxide was i r r a d i a t e d i n the 
171 171 
Thermal column. 95% of Er decays to the exc i t ed s t a t e of Tm 
which f u r t h e r decays by gamma r a d i a t i o n s of e i t h e r 296 Ke7 or 308 
KeV e n e r g i e s (See Fig 7 c ) . Since both t r a n s i t i o n has got a p p r o x i -
mately the same convers ion c o e f f i c i e n t s t h e spectrum was s t ud i ed a t 
r e g u l a r i n t e r v a l s under a photo peak of 300 Ee7 which was due t o 
both t h e gamma r a y s . (See f i g 7 a ) . The a rea tmder t h e photopeak 
when p l o t t e d as a func t ion of time gave an a c t i v i t y of7.8 h h a l f -
171 
l i f e which was a t t r i b u t e d t o Er , The i n t e r n a l convers ion c o -
e f f i c i e n t and K/L r a t i o was taken from t h e t a b l e s of S l i v and Band. 
Counting r a t e per second a t zero time = 631.7214 ' 
I n t e r n a l convers ion c o r r e c t i o n = 1.019 
S a t u r a t i o n c o r r e c t i o n = 0.2289 
Ef f i c i ency Cor rec t ion = 1.6360 
Absorpt ion Cor rec t ion = 1.1460 
Mass of Erbium Oxide i n mgms = 95.9 
F lux of n e u t r o n s = 2 .9273 x 10*^  
C r o s s - s e c t i o n in b a m s = 4 . 3 
R e s u l t s : 4 , 3 + 12^ barns 
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•The Ba^^^Cn, Y ) Ba^^^ AND Ba^^^Cn, / ) Ba^^^^^ REACTIONS 
Using the measured cross-sec t ion values for isomeric 
s t a t e (Hans e t a l ) and for ground s t a t e (Sern e t a l ) i t was a 
case of v io la t ion of the semi-empirical ru l e of Mateoslan and -
Goldhaber. The experimentally measured value was found to be 
much d i f fe ren t from theo re t i ca l ly calculated Isomeric c ross -
sect ion r a t i o . I t was, therefore , f e l t i n t e r e s t i ng to remeasure 
the c ross - sec t ions . 
Barium carbonate was i r r ad i a t ed near the core of the 
r eac to r . The photopeak under 268 KeY Y -rays was studied for 
10 dsys. The area under the photopeak when p lo t ted as function 
of time gave a curve consist ing of two a c t i v i t i e s (See Fig 8b). 
The l a t e r ac t iv i ty of 11.8 days h a l f - l i f e when substracted from 
the curve gave an a c t i v i t y which was decaying x-^ ith 26.7 hours 
h a i f - l i f e . This was a t t r i bu ted to Ba.-^ "^ "^^  The experiment vjas 
repeated and same h a l f - l i f e was found. I t was then concluded 
tha t 39 h h a l f - l i f e ac t i v i t y due to Ba^ '^ '^ "^  i s too small to be 
observed and only an upper l im i t was estimated. 
The cross-sec t ion found to be 158 + IS/'? mb for the 
Ba-"-^ "^^  and <^150 mb for the Ba."^^^^ We find tha t the value of the 
132 isomeric r a t i o for Ba ' t a rge t nucleus i s in conformity vath the 
expectations from the ru le of Mateosian and Goldhaber and v;ith the 
t h e o r e t i c a l l y calculated values from spin d i s t r i b u t i o n due to 
Bethe and Bloch. Decay scheme used was from Strominger e t a l . 
39 
The i n t e r n a l convers ion c o - e f f i c i e n t and K/L r a t i o were c a l c u l a t e d 
from the t a b l e s of S l i v and Band. Gadraiura r a t i o was found sepa -
r a t e l y t o be 90.25 p e r c e n t . 
134 135m 
The Ba ( n , Y )Ba Reac t ion 
Counting r a t e per second a t zero t ime = 1,6484 x 10 
I n t e r n a l convers ion c o r r e c t i o n = 6.3864 
-2 S a t u r a t i o n c o r r e c t i o n = 1.2243 x 10 
E f f i c i ency c o r r e c t i o n = 1.4699 
Absorpt ion c o r r e c t i o n = 1.1193 
Mass of Barium ca rbona te i n mgms = 45 .2 
12 
F lux of n e u t r o n s \ = 2.2488 x 10 
C r o s s - s e c t i o n measured i n mb = 158 
Resu l t s? 158 -f 15;^ mb 
132 133m 
Es t imated maximum va lue of The Ba (n,)j )Ba Reac t ion 
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The Pd (n,J)Pd REACTION 
Pd, foil was irradiated in the thermal column and 
using an end window beta counter an attempt was made to measure 
the cross-section for the above reaction but no observable 
activity was found, Pd. foil was then irradiated in the core of 
the reactor and area under photopeak of 160 Ke? Y-rays studied 
after regular intervals of time was found to decay with a half-
111m 
life of 5.6h <see Fig 9). This activity was attributed to Pd. 
The decay scheme used is that of Dzelopov and Peker« The internal 
conversion coefficients and K/L ratios were calculated from the 
tables of Sliv and Band, Cadmium ratio found seperately to be 
82.82 percent. 
Counting r a t e per second a t zero time = 60.5299 
Internal conversion correction - = 2.655 
—2 Saturat ion correct ion = 2,078 x 10 
Efficiency correction = 1.0516 
Absorption correct ion = 1,0985 
Mass of Pd in mgms = 2,75 
Flux of neutrons = 1.4075 x 10 
Cross-section measured in mb = 35 
Resul ts : 35 -f 15^ mb 
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The Gd (n, 8 )Gd REACTION 
After irradiating near the core of reactor for six 
hours, Cadmium foil was allowed to decay for 50 days so as to 
allow other activities due to (n,p), (n,c<) and (n, Y ) reactions 
to decay. The photopeak of the 88 Ke7 transition was studied for 
126 days with fifteen days interval* The area under the photopeak 
when plotted as a function of time gave an tctivity with a half-
life of 476 days. For calculating the cross-section, the value 
of half-life is taken 470 days as given by Gun and Pool. The 
109 109 
Cd nucleide decays through electron capture leaving Ag in 
109m 
excited state. The. Ag nucleide decays by M3 transition with 
a h a l f - l i f e of 40 seconds. Since t h i s h a l f - l i f e i s very small in 
109 
comparison with h a l f - l i f e of Cd, i t wi l l not effect the c ross -
section measurement. The value of the i n t e rna l conversion coef f i -
c ien t for the 88 KeV )( - rays was taken from the r e s u l t of Wapstra 
and Ei jk . 
2 Counting r a t e per second a t zero time = 4,134 x 10 
In ternal Conversion correct ion = 1 1 , 3 
-4 
Saturat ion correct ion = 3,6867 x 10 
Absorption correct ion = 1,8581 
Mass of Gd in mgms = 185,05 
12 
Flux of neutrons = 1,9053 x 10 
Gross-section measured in bams ' = 1,41 
Resu l t s : 1*41 + 15^ barns 
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The Gd (n ,y )Gd REACTION 
Gd-lll^decays by the emission of 150 KeV and 247 KeV 
in cascade. As the 150 KeV V-ray i s strongly converted, the 
cross-sec t ion value was measured by taking the photo area linder 
the 247 KeV V-ray a t d i f fe ren t t imes. The area under the photo-
peak when p lo t ted as function of time gave a h a l f - l i f e of 49 
111m 
minutes which was a t t r i bu t ed to Gd, The previous measurement 
involves very l a rge error and in t h i s meastirement i t has been 
considerably reduced. 
3 Goxmting r a t e per second a t zero time = 9,3523 x 10 
In ternal conversion correct ion = 1,064 
-2 
Saturation correction = 2.8112 x 10 
Efficiency correction = 1,3648 
Absorption correction = 1.1961 
Mass of Gd in mgms . = 62,65 
Gross-section measured in mb = 132 
Results: 132 ^  15^ mb 
- ^ AREA UNDER THE PHOTO-PEAK 
to 
68 69m 
The 2n (n ,^ ) Zn REAGTIOW 
The area under the 438 KeV o-ray photopeak when p lo t t ed 
as a function of time gave an ac t i v i t y of 13,8 hours h a l f - l i f e 
69m 
which was attributed to Zn« The internal conversion coefficient 
value was taken from Strominger, Hollander and Seahorg, The 
contribution from ground state was calculated by using equation 
discussed in second chapter. The results have been considerably 
improved, ' 
2 
Counting rate per second at zero time = 1,6003 x 10 
Internal Conversion correction = 1,053 
Saturat ion correct ion = 0.5049 
Efficiency correction = 2.1267 
Absorption correction = 1,1768 
Mass of Zinc Oxide in mgms = 158,625 
7 
Flux of neutrons = 4.5982 x 10 
Cross-section measured in mb = 83.33 
Results: 83 + 12^ mb 
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e> The Dy (n,y)Dy REACTION 
Seren et al) and Sehgal et al measured the cross-
section for the above reaction but they only estimated the 
upper limit. The sample after irradiating in the core was 
allowed to decay for a few hours before it was studied with an 
end window beta counter. Since the activity expected was very 
large only a very small amount of Dy2Q3 powder was used for 
preparing the sample. The time of irradiation was kept short. 
The contribution from the isomeric state was calculated using 
equation V of previous chapter. The isomeric ratio found 
experimentally is in agreement with Mateosian and Goldhaber rule 
and also with the value calculated theoretically from spin dis-
tribution form due to Bethe and Block, 
Counting rate per second at zero time = Q.B783 x 10. 
Absorption correction = 1.5977 
Mass of DygOs i^i mgms = 3,99 
7 
Flux of neutrons = 0.289 x 10 
Gross-section measured in barns . - = 951,6 
Results: 952 + 25^ barns 
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158 159 160 161 
The Qd (njV) Gd .AND Gd (n,^ ) Gd REACTIONS 
The present measurements were repeated in order to 
improve the previous measurements. The sample formed as usual 
on a cellotape was irradiated in the thermal column and studied 
by an end window beta counter, 
160 ^ 161 
The Gd (n,|[ ) Gd Reaction 
Counting rate per second at zero time =2j5"»5C9i 
Absorption Correction = 3.1684 
Saturation correction « 1 
Mass of Gd203 in mgms = 25,45 
7 
Flux of neutrons = 0.5730 x 10 
Cross-section measured in mb = 768 
Resul t s : 768 ± 12^ mb 
158 ^ 159 
The Gd (n,fl ) Gd Reaction 
Counting r a t e per second a t zero time = 3.1166 
Abosorption correct ion = 11.5781 
Saturat ion correct ion = 0.109i 
Cross-section measured in barns = 2,78 
Resu l t s : 278 -f 15^ barns 

46' 
13(J 131 128 129 126 127 
The Te ( n , y ) T e ; T e ( n , ^ )Te AND Te ( n , Y )Te REACTIONS, 
The p rev ious measurement of Seren e t e l d id n o t t a k e 
i n t o account t h e c o n t r i b u t i o n from t h e i somer i c S t a t e and a l s o 
t h e pe rcen tage of e r r o r involved was cons ide rab ly h igh . As fo r 
t h e p r e s e n t s tudy p r e c i s e measurement was r equ i r ed and i t was 
t h e r e f o r e f e l t d e s i r a b l e t o remeasure t h e v a l u e of c r o s s - s e c t i o n s . 
This was done by i r r a d i a t i n g t h e sample i n the thermal colunm and 
s tudying i t s a c t i v i t y wi th an end window b e t a c o u n t e r . A curve 
c o n s i s t i n g of t h r e e a c t i v i t i e s was o b t a i n e d . When sepa ra t ed i t 
g ives r i s e t o 25 mim, 70 min and 9,3 h a c t i v i t i e s which was a t t r i -
buted t o Te^^^, Te^^^and Te^^*^ r e s p e c t i v e l y . 
The T e - ^ ^ ( n , y )Te^^^ React ion 
Counting r a t e per second a t zero t ime 
Absorption c o r r e c t i o n 
S a t u r a t i o n c o r r e c t i o n 
Mass of Te irj mgms 
F lux of n e u t r o n s 
G r o s s - s e c t i o n measured in mb = 1 6 1 
R e s u l t s : 161 + 1 1 ^ mb 
The T e - ^ ^ ( n , y ) Te^^^ React ion 
Counting r a t e pe r second a t zero t ime = 26,3333 
Absorption c o r r e c t i o n = 1.6358 
S a t u r a t i o n c o r r e c t i o n = 0 . 5 
G r o s s - s e c t i o n measured i n mb = 178 
R e s u l t s : 178 + 10^ mb 
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The T e - ^ ^ ( n , y ) Te^^"^ Reaction 
Counting r a t e per second at zfero time = 9,5833 
Absorption correct ion = 2,5490 
Sattiration correct ion = 0«.0830 
Gross-section measiired in mb = 1033,8 
Resul t s : 1034 ± 10^ mb 

The Sn^^^(n,)r ) Sn^^ AND S n ^ ^ ( n , y ) Sn^^WcTIONS 
o 
Sno sample was i r r ad i a t ed in t h e thermal column and 
a c t i v i t y s tudied. The curve obtained consisted of two a c t i v i t i e s 
of 10 min and 44 min which were a t t r ibu ted to -Sn-^^ and Sn 
respec t ive ly . !fe sample was i r r ad i a t ed simultaneously for flux 
ca l i be r a t i on . 
The Mn^ '^ (n,y ) fto Reaction (Flux Galiberet ion) 
Counting r a t e per second a t zero time 
Saturation correct ion 
Absorption correction 
Mass of Mn, in mgms 
Gross-section for standard react ion in barns 
Flux of neutrons a t the place of i r r a d i a t i o n 
The S n ^ ^ (n, ^ ) Sn-^^^Reaction 
Counting r a t e per second a t zero time 
Absorption correct ion 
Saturation correct ion 
Mass of Sn used in mgm 
Gross-section measured in mb 
Resul ts : 207 ± 12.% mb 
The Sn-^'^ in,% ) Srx^^ Reaction 
Counting r a t e per second at zero time 
Absorption correct ion 
Saturat ion correct ion 
Gross-section measured in mb 
Resul ts : 125 -f IZi mb 
= 916,633 
= 0.2363 
= 1,5989 
= 7.25 •^ 
= 13.4 ± 0.3 
= 0.582 X lO' 
6.6666 
1.7973 
0.6464 
73.65 
207 
7.3333 
1*5177 
0.9856 
125 
COUNTS JMINUTE 
The G6.^^^in,)( )G6.^'^'^ REACTION 
Gdm 116 was studied with an end window ^ -counter 
af ter i r r a d i a t i n g in the thermal column. The value of p -energies 
was taken as 1600 KeV and 3000 KeV as given by Dzelepov and Peker. 
The mean value of absorption correct ion was used for ca lcu la t ing 
the c ross - sec t ion . The contr ibut ion from isomeric s t a t e was not 
ca lcula ted as the decay scheme i s not properly known. The measured 
value was taken as the upper l i m i t for t h i s c ross -sec t ion . This 
l l l j n 
also includes conversion e lectrons due to Cd a c t i v i t y . 
Co\inting r a t e per second a t zero time = 0,3233 
Absorption correction = 3.301 
Saturat ion correct ion = 0 , 5 
Mass of Cd in mgms' = 90.85 
7 
Flux of neutron = 0,9892 x 10 
Gross-section measured in mb = 5 , 8 5 
Result: <^  8 mb 
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The Zn'^ (^n, V ) Zn*^ -^  REACTION 
Zno oxide film was irradiated near the core, because 
14 hours irridiation in the thermal column failed to give 3 h 
activity. The sample activity, after it had decayed for 8 h to allow 
69 Zn activity to decay, was studied for 10 h. The decay curve 
consisted of two activities. The 14 h activity observed due to 
69m 
conversion electron of Zn when subtracted from total activity 
gave an activity which decayed with a half-life of 3 h. This was 
a t t r ibu ted to Zn • Cadmium r a t i o was found to 81.68 percent . 
Counting r a t e per second a t zero time = 193,3333 
Absorption correct ion = 1«3793 
Saturat ion correct ion = 0.13107 
Mass of Zno in mg = 29,59 
Flux of neutron = 1.3580 x lO"^ "^  
Cross-section measured in mb = 9 . 
Resul t s : 9 ± 20^ mb 
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The 2n^^(n, ^  ) Zn^^ AIMD Zn'^ (^n, )( ) Zn*^^ REACTION 
A thin film of zinc oxide was formed between two 
cellotapes and irradiated near the core. The decay curve studied 
with sn end window beta counter for 3 h, consisted of two 
activities of 2.2 min and 5l min which were separated. The 
cadmium ratio found separately to be 82 percent. 
The Zn^^(n, V )Zn^^ Reaction 
Counting rate per second at zero time = 120 
Absorption correction = 2,12 
Saturation correction =^  S.7137 x 10 
« 
Mass of Zno in mgns = 2 5 , 6 
Flux of neutrons ' = 0.7782 x 10^ 
Gross-section measured in mb = 1116 
Resul t s : 1116 ± 1Q% mb 
The Zn'^^(n,y )Zn'^^ Reaction 
Counting r a t e per second a t zero time = 8.1666 
Absorption correct ion - 1.2252 
Saturat ion correct ion = 0.793 
Gross-section measured in rab. = 111 
Resul t s : 111 i- 15^ 1 mb 
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C, THB Sb^^^<n,2n) 3^-^^^ REACTION 
Sb was i r r a d i a t e d by 14.8 MeV neutron from Gockcroft Walton 
p a r t i c l e acce le ra tor . Immediately af ter i r r a d i a t i o n the area 
under the photopejik due to '61 Ke7 and 75 KeY/-rays was s tudied, 
which xfhen p lo t ted as a function of time gave a curve consis t ing 
of two a c t i v i t i e s . The l a t e r a c t i v i t y of 15.75 min h a l f - l i f e 
due to Sb-l20 when substracted from the to ta l a c t i v i t y resu l ted 
in an a c t i v i t y decaying with a h a l f - l i f e of 3,6 min; i t was 
a t t r i bu t ed to Sb-l22m. Using the value of the K in te rna l conver-
sion coeff ic ient from the r e s u l t s of E.Der Mateosian and Sehgal, 
the percentage of KX-rays and V-rays in each t r an s i t i on was 
calculated to find the value of absorption correc t ion . Two Al. 
f o i l s one on each side of the sample were i r r ad i a t ed simultaneously 
to ca l ibe ra t e the flux of the heutrons a t the place of i r r a d i a t i o n . 
Flux Caliberations The Al^'^(n,p) Mg^ *^  reac t ion 
Counting r a t e per second at zero time = 50.9403 
Saturat ion correct ion = 0.6653 
Efficiency correct ion = 1.7721 
In te rna l conversion correct ion = 1 
Absorption correct ion = 1.1050 
Photopeak efficiency correct ion ' = 4,065 
Percentage correcbion • = 1.4144 
Mass of Al in mgm = 273,8 
Gross-section of standard react ion in mb = 73 
Flux of neutrons = 0.188 x 10*^  
3 
The Sb^^'^(n,2n) sb^^^"^ react ion 
Counting r a t e per second at zero time = 273.3333 
Sattiration correct ion = 0.9443 
Efficiency correct ion = 1 
In te rna l conversion correct ion = 2.99 
Photopeak efficiency correct ion = 1 
Absorption correct ion = 1,8322 
Mass of Sb in mgm = 393.03 
Gross-section in rab = 1013 
Resul t s : 10l3 + 12^ 
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THE Pd-^ -"-^  (n ,2n) Pd^*^ "^^  REACTION 
' Pd-l09m decays by the emission of 188 KeV ^ - r a y s . 
The a rea tinder the photopeak of 188 KeV ^ - r a y s x^hen p l o t t e d 
as a func t ion of t ime gave an a c t i v i t y decaying wi th a ha l f - ' 
l i f e 4«6 min; i t Was a t t r i b u t e d to Pd-l09m. The K i n t e r n a l 
convers ion c o e f f i c i e n t v a l u e i s from t h e Table of I s o t o p e s 
(Strominger e t a l ) . F lux was c a l i b e r a t e d s imul t aneous ly . 
Counting r a t e per second a t zero t ime = 5U,504 
S a t u r a t i o n c o r r e c t i o n = 0.859 
Ef f i c i ency c o r r e c t i o n = 1.0U9 
I n t e r n a l convers ion c o r r e c t i o n • = 1 . 6 
Photopeak e f f i c i e n c y c o r r e c t i o n = 1,4814 
Absorpt ion c o r r e c t i o n = 1.1375 
Mass of Pd i n mgm • = 121 ,1 
Flux of neu t rons = 0,2042 lo'^ 
G r o s s - s e c t i o n i n mb . = 971 
R e s u l t s ; 971 ± 12^ 
10 
8 
^ 
< 
cu 
o' 
X 
UJ 
X ' 
UJ 
O 
I-
< 
UJ 
< 
1-f-
DECAY CURVE OF Rh-105m. 
-XlOO 
Xx^'i^S s e c . 
"2 
± ± ± 
Tk'A-S min 
2 
;o 2 
FIG. 2 2 
6 8 10 
TIME (MINUTE) 
55 
THE Pd-^'^^(n,p) Rh^ '^'^ "^  REACTION 
Rh-l05m decays'by the emission of 130 KeV y - r ays . 
The h a l f - l i f e being small the base level and channel width 
were adjusted to include the photopeak. This adjustment v/ss 
made using Ge-l41 as the standard source. The in te rna l conversion 
coeff ic ien t value i s from the Table of Isotopes (Strorainger e t a l] 
Counting r a t e per second at zero time 
Saturation- correct ion 
Efficiency correct ion 
In terna l conversion correct ion • 
Photopeak efficiency correct ion 
Absorption correct ion 
Mass of Pd in mgm 
Flux of neutrons 
Cross-section in mb 
Results 119,+ Ibfo 
= 6.0144 
= 1 
= 1 
= 4 
= 1.3150 
= 1.171 
= 121.1 
= 0.2 042x1 o'' 
= 119 
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THE Zr^'^(n,2n) Z r ^ ^ REACTION 
93 percent of Zr-89m decays by the emission of 58S KeV 
y -rays to 2r-89, The photopeak under 588 KeV )f - rays was 
s tudied. The area under the photopeak when p lo t ted versus 
time gave a curve decaying ^^^ith'a h a i f - l i f e 4.4 min: i t was 
a t t r ibu ted to Zr-89m. The in te rna l conversion coeff ic ient value 
i s taken'from the Table of Isotopes (Strominger e t a l ) . 
Counting^ r a t e per second at zero time 
Saturat ion correct ion 
Efficiency correct ion 
In terna l conversion correct ion 
Absorption correct ion 
Photopeak efficiency correct ion 
Percentage correct ion 
Mass of Zr02 in mgm 
Flux of neutrons 
' Cross-section in mb 
Resul t : 168 -h \2,% 
=14.8333 
= 0.991 
= 1.5125 
= 1.08 
= 1.07625 
= 3.03U3 
= 1.0753 * 
=314.18 
=0".6439 X 10 
=168 
1 
<Sf DECAY CURVE OF Ge-75m 
Tr = 48 sec. 
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0 
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THE 06*^^(11,211) Ge*^ "^^  EEAGTIOK 
Ge-75Ki decays by t h e emission of 139 KeV 0 - r a y s . 
The h a l f - l i f e being small t he b a s e - l i n e and channel width 
were ad jus ted to i n c l u d e the photopeak. The adjustment x^ ras 
done us ing Ge-14-1 as the s tandard , source . The i n t e r n a l 
convers ion c o e f f i c i e n t was c a l c u l a t e d from t h e t a b l e s of 
M.E. Rose. Flux was c a l l b e r a t e d siraui taj ieously. 
Counting r a t e per second a t zero time =27.151 
S a t u r a t i o n c o r r e c t i o n = 1 
Ef f i c i ency c o r r e c t i o n = 1 
I n t e r n a l convers ion c o r r e c t i o n = 4,7934 
Photopeak e f f i c i e n c y c o r r e c t i o n = 1.3513 
Absorpt ion c o r r e c t i o n = 1,14175 
t 
Mass of Ge i n mgm = 2U3,14 
7 
F lux of neu t rons = 0.204 x 10 
C r o s s - s e c t i o n in mb = 760.5 i 
R e s u l t : 761 ^ 18^ 
Gases s tud i ed wi th S c i n t i l l a t i o n 
Spect rometer . 
React ion H a l f - l i f e C r o s s - s e c t i o n 
P r e s e n t measurement 
Other au tho r s 
Hg (n , | J 
Os^S^CnJ 
Os ( n , 0 
Os (n,fl 
W (n , 0 
E r ( n , J 
Ba (n , i 
'cd"0(n„Y 
Zn ^ ^ (n,Y 
Hg 197m 
Hg 197 
P t 197m 
P t l95m 
P t 193m 
Os 190m 
Os 19im 
' 191 Os 
^185m 
Er 
Ba 135m 
Ba 
133m 
Pd lllfli. 
Gd 
109 
Gd 111m 
Zn 69m 
24 h 130 ^ 12^ ID 
65' h 2936 ± 12% b 
80 min 69 4- 15% mb 
4 , 5 d* <J.20 mb 
4 , 5 d 7 3 . ^ 19^ b 
11 min 8 4- 15^ mb 
16 h 8.55 4- 15% b 
16 d ^ 3 .94 4- 2Q% b 
1,5 min 22 4- 19% mb 
7 . 8 h 4 , 3 4 12% b 
26.7 h 158 4 15^ mb 
39 h* <(^ 150 mb 
5.6 h 35 ^ 15% mb 
476 d 1,41 4 15jg b 
49 min 132 ^ 1 5 ^ mb 
1 3 . 8 h 83 -f- 1Z% mb 
420 4 19% b . 
880 t 20^ b . 
8) 
90 ± 4A% b 15) 
10 mb. 8) 
7) 9) 
5 .3 j ; ZS%\ 8+3 
50 mb. s; 
4 . 3 4 33% b 8) 
50 mb 8) 
200 4 50% mb 15) 
100 4; 30^ mb 15) 
* H a l f - l i f e n o t measured 
Cases studied with beta counter 
Reaction 
1 
Dy^^^ ( n , n D y ^ ^ ^ 
Gd^^^n,y )Gd^^' 
G d ^ ' ^ n J )Gdl^^ 
Te^^^(n,y)Te^^^ 
Te l28(^ , r )Te^^^ 
Te^^n J )Te^^ 
Sn^^^<n J )Sn^^ 
^ 1 2 4 . y . ^ 1 2 5 Sn (n, J )Sn 
Cd^^^CnpY )Gd^ '^^  
a i ' 7 ^ n , Y ) Zn^^ 
Z;n^^(n,r)Zn^^ 
Zn'^^(n,y )Zn'^^ 
H a l f - l i f e 
144 min 
18 h 
3 .6 min 
25 min 
70 min 
9 ,3 h 
10 min 
44 min 
50 min 
3 h 
51 min 
2,2min 
P r e s e n t Measuremoit 
951 ± 2Q% b 
2 .78 ± 15% b 
768 ± 12% mb 
161 ^ 1 1 ^ mb 
178 + 1 0 ^ mb 
1034 ± 10^ mb 
207 ± 13% mb 
125 ± 12% mb 
<;^  8 mb' 
9 ± 2Q% mb ' 
1116 + 10^ mb 
' 111 ± 1Q% mb 
Other authors 
Ref. 15, 
<^1000 b^^^ 
' 4 ± 5Q% b 
800 ± 3 8 ^ mb 
220 + 2 5 ^ mb 
130 ± 2b% mb 
900 ± 25% mb 
160 + 25^ mb 
200 + 50^ mb 
lOUO ± 2Q% mb 
85 + 25^ mb. 
14.8 Mev neutron irradiation cases. 
Reac t ion H a l f - l i f e G r o s s - s e c t i o n 
measured i n mb. 
Sb l23(^ ,2n) Sb^^^m 
P d l l O ( n , 2 n ) P d l ^ ^ 
Pd^^^C^^p) j,j,l05m 
Zr^0(n ,2n) Z r ^ ^ 
Ge'^^<n,2n) Ge 75m 
3,6 min 
4 .6 min 
46 s e c . 
4 , 4 min 
48 s e c . 
i y i 3 ±12 fo 
971+ 12 i 
119+ 15 f, 
168 +: 12fo 
761 4- 18 fo 
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Chapter IV 
A'. Isomeric r a t i o ru l e in slow neutron capture 
When a slow neutron i s captured by a t a r g e t nucleus i t 
gives r i s e to an excited nucleus which r eve r t s to the ground s t a t e 
-."1 *^ 
in a very short time ( 10 -^"^ sec) normally by the emission'of 
gamma rays . The Y -ray spectra from the excited nucleus was 
studied by Muehlhouse, Springer and Groshev and i t was found tha t 
the average number of )( - rays emitted by the excited nucleus 
before i t returned to the ground s t a t e va r i e s mostly between 2 and 
4, If there are two low-lying l eve l s with a l a rge spin difference, 
then each of these has a ce r t a in p robabi l i ty of being populated 
by the gamma ray-cascade. The r a t i o of the population of these 
isomeric s t a t e i s ca l led the isomeric c ross-sec t ion r a t i o . From 
the study of isomeric cross-sect ion r a t i o s Mateosian and Goldhaber 
formulated a semi-empirical ru le for even t a rge t nuc l e i . According 
to t h i s ru l e the r a t i o of the cross-sec t ion for production of the 
tv;o isomeric s t a t e s by slow neutron capture i s such tha t the 
isomeric s t a t e with spin close to tha t of the compound nucleus 
spin i s favoured. 
The isomeric cross-sect ion r a t i o for Zn-68, 2n-70, 
Pd-l lO, Sn-122, Sn~l24, Te-126, Te-128, Te-l30, Ba-1345 Dy-164 
W-184, Os-190, Pt-196 and Hg-l96 t a r g e t nuc le i , when bombarded 
with thermal neutrons, were measured. The r e s u l t s are given in 
t ab le I and shoxm in Fig 1(a) and K b ) . In figures along x-axis 
i s p lo t ted the f ract ion of cascades populating s t a t e with high 
spin i . e . , spin far from the spin of the compound nucleus formed. 
The data are divided in to two groups associated with the spins 
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of the isomeric l eve l s and the spin of the t a r g e t nucleus. We 
find tha t in a l l the cases the r a t i o i s l e s s than 0.5 showing tha t 
the semi-empirical inile i s t rue not only for even t a rge t nucle i but 
i t i s t rue for odd neutron and odd proton nuc l e i . For Ba-134 
t a rge t nucleus the previously measured value (0.57) showed t h i s 
to be a case of v io la t ion of the r u l e . From the present measurement 
.the value i s found to be 0«08,to be in confirmity with the r u l e . 
When, for the same competing l e v e l s , the isomeric c ross -
section r a t i o i s p lo t ted as a function of neutron or proton number 
i t can be seen tha t near the magic ntimbers (proton or neutron) the 
isomeric r a t i o tend to decrease. This trend becomes qui te evident 
when the isomeric r a t i o s for Sn-120, Sn-l22 and SnTi24 are compared 
I 
with Te-126, Te-128 and Te-130 and Pd-llO. The similar trend but 
in other competing level i s exhibited by comparing the isomeric 
r a t i o of Ce-138 with Ge-136 and Pt-196 with Hg-196. Another 
interesting feature about isomeric ratio is that away from the 
magic numbers the isomeric cross-section ratio remains approximately 
the same for different isotope of the same element and for the same 
competing levels. This becomes quite clear from table II, 
Table I 
Measured Isomeric Cross-section Ratios 
Target Competing Isomeric Cross-section 
Nucleus 1evels 
Dy- 164 1/2 - 7/2 0.268 ± 0.034 
Zn- 68 1/2 - 9/2 0.069 + 0.015 
Zn- 70 1/2 - 9/2 0.075 -+ 0.020 
Os- 190 3/2 « 9/2 - 0. 31 + 0.100 
Te- 126 3/2 -11/2 " 0.080 ± 0.027 
Te- 128 3/2 -11/2 0.078 ± 0.045 
Te- 130 • 3/2 -11/2 0.013i+ 0.028 
Pd- 110 3/2 -11 /2 ' 0.110 ± 0.007 
Ba- 132 3/2 -11/2 0.080 
W - 184 5/2 --13/2 0.010 ± 0.003 
P t - 196 5/2 -13/2 0.059 + 0.024 
Hg- 196 5/2 -13/2 0.042 + 0.008 
Table I I 
65 
BNL-325 
Lyon and Eldridge 
Target nucleus Competing levels' Isomeric cross-section Ref. other 
ratios than present 
-_™—_»_«.^  work« 
Q.069 4^ 0.015 
0.075 ± 0. 02 
U.180 f 0. 05 
0.236 ± 0.031 
0.139 ± 0,045 
0. 08 + 0.027 
0.078 ± 0.045 
0.128 + 0.028 
0.059 ± 0.023 
0.071 4- 0.018 TID 11807 
Zn-68 
Zn-70 
Ge-74 
Ge-76 
Te-120 
Te-1261 
Te-128 
Te-130 
Pt -196 
P t -198 
1/2 
1/2 
1/2 
1/2 
3 / 2 
3 / 2 
3 / 2 
3 / 2 
5 /2 
5 / 2 
- 9/2 
- 9/2 
- 7/2 
- 7 /2 
-11 /2 
-11 /2 
-11/2 
-11 /2 
-13 /2 
- 1 3 / 2 
Sehgal 
B. Spin distribution parameter, Q- . 
For determining the parameter CT various metnods 
have Deen used. The most direct method of finding <j- is by 
counting tne numoer of levels with various spins. This has 
been done by Hibdon for neutron resonance in Al-28. Ericson 
estimated g- for several nuclei by using data from (p,p') and 
(d,p) reactions, Douglas and Macdonald calculated it from the 
angular distribution data using mostly (n,p) and (n, ot )reactions. 
viMewton and Cameron estimated it from the study of level spacing. 
Huizenga and Vandenbosch.calculated cT from isomeric cross-section 
ratio. The present situation with regard to the determination 
of this important parameter is unsatisfactory, since firstly 
the value of CT is known only for a few cases and secondly the 
results of Newton, Cameron and Ericson differ greatly. The work 
discussed gives' information for a fairly limited ran:ge of 
excitation energies. It is, therefore, apparent that any infor-
mation regarding the value of o~ and its behaviour will be quite 
useful. 
From the present work cj~ is calculated using isomeric 
cross-section ratio at thermal energy neutrons and at 14,8 Mev 
neutrons. The study of isomeric ratio using thermal neutrons 
from reactors is described here. The calculations are based on 
the work of Huizenga and Yamdenbosch using the spin distribution 
form due to'Bethe and Bloch. 
Total radiation width for dipole radiation emission 
7 
from a iSfete of Spin J^ and i n i t i a l exc i ta t ion energy B i s given 
t>y eq. I B , 
OrE B T T^ E fS^:^ JLE ----1 Tv - c 
o 
r i^.B) 
Where G is a constant, E the transition energy of radiation and 
/?(JQ,B) the density of levels of spin Jc at an excitation energy 
B,f(E,B,jQ,Jf)) is a model dependent factor and yo'(B-E) the total 
density of levels at excitation energy (B-E), 
Since in these calculations are used only relative^ 
probability for decaying to different spin states the constant G 
and the level density factor p (Jc,B) can be ignored. The factor 
f (E,B,Jg,Jf) depends upon the states involved in transition. Since 
nuclear states at these excitation energies are quite complex and 
not much is known about them it is assumed that for a sufficiently 
large number of initial and final states of the nucleus the varia* - , 
tion if any be averaged out. The factor therefore is taken as unity. 
The factor /)' (B-E) only contains the spin dependence of the nuclear 
density i.e., ^»(B-E) = y yd(J,B-E). 
Theoretically spin distribution due to Bethe and BlocK 
is of the form 
per,) oc pco)(H*0-^\.-^^^y^<A - — I 
Here J^ is the final state spin. /'(Jf) and ^(o) are the density 
of levels with spin (Jf), and 0 , respectively; cr is the parameter 
V 
^ 68 
whijCh characterizes the distribution in spin. 
It is assumed that for thermal energy neutrons only 
s ~ wave neutrons are captured so that the spin of the 
compound'nucleus formed is given "by Jc=I ± 1/2 where I is the 
spin of the target nucleus. For even nuclei 1=0, therefore, 
JQ=1/2, The gamma ray cascade is mostly of dipole radiation 
(Cameron and Groshev) and therefore the state JQ can lead to any 
of the three, states Jf given by Jc~l»J<v^ 1 ^o^ emission of 
one y -ray i.e. Ny =1. Each state of Jf can further populate 
three more states in a similar way for N y =2 and so on# 
Tables III-IX have been constructed for different values of o-
and N for Jc = 1/2,0,1,2,3,4,5. From the Tables we can 
calculate the isomeric ratio ( CTHigh spin / O'Total) in 
the following manner. 
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For example consider Ge as the target nucleus. It 
is even nuclei, therefore the spin of the target nucleus, 1=0, 
and the spin of the compound nucleus is Jc=Ij^l/2=i/2, The 
excited compound nucleus can de-excite to any of the two states 
with spin 7/2 or 1/2 i.e. it can de-excite to Qe^^^ (7/2 spin) 
75 
or to Ge (1/2 spin) • Here we assume that the excited nucleus 
^ust prior to the l8st gamma de-excitation chooses to feed the 
isomeric state or ground state depending on which transition has a 
smaller spin change. Now for CT =3, JQ-0 which emits three gamma 
rays before the final gamma ray decides to populate either a 
spin 7/2(isomeric s t a t e ) or a spin 1/2 (grotmd s t a t e ) . Sta tes 
which af ter the 3rd X-ray de-exci ta t ion have spins 1 /2 ,3 /2 ,5 /2 ,7 /2 . 
Out of these 1/2, 3/2 wi l l populate the spin 1/2 and 5/2, 7/2 wi l l 
populate the spin 7/2 , From tab le I I I we see t ha t the population 
of the spin 1/2 s t a t e wi l l be 0.624 and the population of the 
spin 7/2 s t a t e wi l l be 0.376, 
Isomeric r a t i o = gHigh spin • ^ 0 , , 3 7 6 ^ ^ g , 3 7 6 
(Flow spin if-CTHigh spin 0 .624^.376 
Similar ly , ca lcu la t ions have been carr ied out for a l l 
the cases . 
If one of the two parameters (or-or N^ - ) i s known the 
other can be determined by comparing the experimentally measured 
values of the isomeric cross-sect ion r a t i o with t heo re t i ca l ly 
computed va lues . Unfortunately the values of mu l t i p l i c i t y f ac to r , 
Ny , measured for individual isotopes which give r i s e to isomers, 
by neutron capture , i s not known in most of the cases . Groshev 
have drawn capture Y^ray spectra and ca lcu la te Ny for A^ 100, 
Sehgal calculated Ny for A <^  100 from Groshev's spec t ra . From 
t h e i r data we find tha t generally Ny l i e s between 3 and 4 for 
A "7 100 and 2 to 3 for A .<^100. 
Thus from th i s study precise measurement of c r i s no t 
va l id as the value of isomeric c ross-sec t ion r a t i o does not change:^ 
much with d i f fe ren t values of g - t o enable us to c l ea r ly d i s t ingu i sh 
which experimental value i s more close to the t heo re t i ca l l y computed 
va lue . 
The isomeric cross-section ratios are much more sensitive 
7 
to the parameter O" for reac t ions induced by high energy neutrons 
which produce compound nucle i of high angular momentum. I t i s 
a l so sens i t i ve in reac t ions inwhich neutrons (which can' carry more 
angular momentum)are emitted. This condition was achieved by 
using (n, 2n)reaction a t 14,8 Mev neutrons. The d e t a i l s of these 
cases have been discussed in the chapter No.V. 
Although, use i s made of isomeric cross-sec t ion r a t i o a t 
thermal energy neutrons, i t i s not poss ib le to measurecr- prec ise ly 
but one can always find the approximate value ofcj- . In t ab le 
X and XI experimentally measured isomeric r a t i o has been compared 
with t h e o r e t i c a l l y computed value "for d i f fe ren t valuies of Ny and 
Q— • ^ov case where Ny i s known, CT" can be known and such 
cases have been shown separately in t ab l e X and XI. 
From table X i t can be seen t h a t in cases where the i s o -
meric s t a t e has a spin value much different ' from the t a rge t 
nucleus the average value of the gamma ray mul t ip l i c i ty i s high 
except a t the magic n u c l e i , where i t i s low. The gamma ray 
mt i l t ip l ic i ty for closed shel l nucle i i s in agreement with the 
fact t ha t the leve l spacing of compound nuclei r e su l t i ng from 
closed shel l nucle i I s la rge i . e . the level density i s low. 
The Sn-120 and Sn-122 t a rge t cases support t h i s fac t qui te 
convincingly but for the Sn-124 t a rge t case the value i s not so 
low as in the other two cases . 
For Sn we can find the value of <J~ from the study of 
4 2 -
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n 
Kiss l inger . The t o t a l niimber of l eve l s measured in odd t i n isotopes 
i . e . Sn-117, Sn-119, Sn-12l, Sn-123 and Sn-125 i s p lo t ted as a 
function of spin value (see F i g . 3 ) , On the same graph i s p lo t t ed 
the level density curve using T" =2,3 and 4 , I t i s seen t h a t 
for g~ =3 the f i t i s qui te reasonable. The s t ruc ture exhibited 
by level density curve due to Kissl inger may be due to shel l 
effect in the region. Curves are normalised. 
I t i s i n t e re s t ing to note tha t when o— i s p lo t t ed as a 
fimction of A, the atomic mass, the value of 0~ increases in 
general with A. (See Fig . 4) 
Theoret ical ly also we know 0" ='k.T (3) 2 _ I 
where T i s the nuclear temperature, I i s the moment of i n e r t i a 
2 
of the nucleus given by (2/5) m AR when the nucleus i s assumed 
to be a r i g i d body, '^=-~L where h i s the Plank 's constant.R = 
-13 1/2 ^^ 
1,5 X 10 A cm i s the nuclear r ad ius . T can be expressed as: 
T = I -I- (4) 
Where E is the excitation energy with parameter »a"*o< A vxe get 
from eqs 3 and 4 0~ Q< h 
Groshev et al studied the structure of the capture 
gamma ray spectra over a large range of atomic masses and found, 
after normalising at the mean binding energy, that this has the 
same shape for all the nuclei considered. From this they point 
out that the level density increases with increasing excitation 
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12 
energy in a laos t the same fashion for nucle i with A varying from 
100 to 200 except a t magic numbers. This means t h a t the parameter 
5/6 
*a' i s independent of A or <j-o< A . In f igure 4 the sol id l i n e 
7/12 5/6 
represent the A and A dependence on g~ . Both the curves 
are normalised a r b i t r a r i l y a t A=l2l andQ~=3»5. I t can be seen 
5/6 7/12 
from figure that A line dependence on is better than A shov?-
ing that the parameter 'a' is probably not proportional to A» 
Cameron has also given an expression for the nuclear level density. 
The parameter Q^ is given by CT = X^ i (5) 
where *b' is given by expression 
b= 0.01181 A^'^^d -f- 3.0052/^ 2/3 -4.0298 / A^^^) 
X •••• • \0 ) 
5/6 
which approximately follows the A dependence. 
Nuclear temperature and moment of Inertia. 
The absolute values of the nuclear temperature cannot be 
determined from eq.3. as the values of moment of inertia for the 
excited nuclei are not known. In fig 5 is plotted a quantity 
2 
cr- /^ 5/3 (which is proportional to the nuclear temperature) versus 
Z (the number of protons) and N (the number of neutrons). The 
temperature scale is selected arbitrarily along the Z-axis. It 
is clear from the diagram that as the neutron or the proton magic 
number is approached the temperature of the nucleus starts falling 
down i.e. the nucleus is *cold' at the magic number as compared 
with other nucleon. 
t^ l 
Table I I I 
Spin d i s t r i bu t i on for dipole r ad ia t ions for compound nucleus spin Jc= 1/2 
for selected values of the parameter XT and Ny , 
Ji- 1/2 3/2 5/2 7/2 9/2 
1.50 
1.75, 
2.00 
2.50 
3.00 
4.00 
5,00 
6.00 
7.00. 
8,00 
0.493 
0.449 
0.421 
^0.389 
. 0.371 
0.354 
0.347 
0.343 
0.339 
0J339 
1.50 ' 
1.75 
2.00 
2.50 
3»00 
4.00 
5.00 
6.00 
7.00 
0.438 
0.379 
0.342 
0.297 
0.274 
0,251 
0,240 
0.235 
0.231 
0.507 
0.551 
0.579 
0.611 
0.628 
0.645 
0.653 
0.657 
0.661 
0.661 
0.450 
0.467 
0.470 
0.468 
0.463 
0.465 
0.453 
0.450 
0.449 
^ ^ = i 
' 
• 
NY =2 
0.111 
0.154 
0.188 
0.235 
0.263 
0.293 
0.307 
0.315, 
0.320 
contd, . 
Table, I I I contd., 
^ ^ ' 
1/2 3/2 5/2 7/2 9/2 
1,50 
1«75 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
7,00 
8.0b 
0.370 
0.310 
0.270 
0.224 
0.200 
0.177 ' 
0.166 
0.161 
0.157 
0.155 
0.476 
0.475 
0.464 
0.441 
0.424 
0.-402 
0.392 
0.385 
Oi38l 
0.379 
Njj, =3 
0.141 
0.189 
0.224 
0.266 
0.289 
0.310 
0.319 
0.323 
0.326 
0.328 
0.013 
0.027 
0.041 
0.068 
0.087 
0.111 
0.123 
0.130 
0.135 
0.138 
N^ =4 
1.50 
1.75 
2.00 
2.50 
3.00 
4,00 
5.00 
6.00 
7.00 
8.00 
0.340 
0.277 
0.236 
0.189 
0.164 
0.140 
0.129 
0.124 
0.120 
0.118 
0.465 
0.452 
0.433 
0.396 
0.370 
0.340 
0.325 
0.316 
0.311 
0.308 
0.172 
0.225 
0.260 
0.299 
0.315 
0.327 
0.331 
0.332 
0.333 
0.333 
0.021 
'0.042 
0.064 
0.101 
0.127 
0.156 
0.170 
0.178 
0.183 
0.187 
0.0005 
0.003 
0.006 
0,015 
0.024 
0.037 
0.044 
0.049 
0.052 
0.054 
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Table 17 
Spin d i s t r i b u t i o n for dipole rad ia t ions for compotind nucleus spin 
JQ = 0 for selected values of the parameter a~ and Ny 
>s^ 
3 
4 
5 
CO 
3 
4 
5 
CO 
3 
4 
5 
00 
0,271 
0.262 
0.258 
0.250 
0.183 
0.170 
0.164 
0.154 
0.126 
• 0.113 
0.107 
0.098 
0.729 
0.738 
0.742 
0.750 
0.490 
0.478 
0.472 
0.461 
0.423 
0.399 
0.387 
0.366 
N^ 
Ny 
' 
Ny 
= -
=2 
=3 
L 
• 
• 
-
0.327 
0.352 
0.363 
0.385 
0.338 
0.352 
0.357 
0.366 \ 
' 
0.113 
0.136 
0.148 
0.171 
3 
^ " 
5 
o o ; 
0.099 
0.086 
0.081 
0.071 
Ny =4 
0.355 0.355 0.158 0.033 
0.325 0.358 0.185 0.046 
0.310 0.358 0.197 0.054 
0.283 0.354 0.220 0.081 
Table V 
Spin distribution for dipole radiations for compound nucleus spin 
JQ=1 for selected values of the parameter g- and % . 
oass 
0.126 
0,120 
0.111 
0.096 
0.085 
0.080 
0.071 
0.085 
0.073 
0.067 
0.058 
0.072 
0.060 
0.054 
0.046 
0.369 
0.354 
0.347 
0.333 
0.387 
0.359 
0.346 
0.321 
0.318 
0.286 
0.271 
0.244 
0.288 
0.253 
0.236 
0.205 
0.493 
0.520 
0.533 
0.556 
0.344 
0.352 
0.354 
0,357 
0.364 
0.361 
0.358 
0.349 
0.342 
0.330 
. 0.322 
0.304 
= 1 
• 
= 2 
0.173 
0.204 
0,220 
0.250 
= 3 
0.183 
0.210 
0.222 
0.244 
= 4 
0.214 
0.239 
0.230 
0.266 
0.050 
0.070 
0.081 
0.105 
0.071 
0.096 
i)U10 
0.137 
0.012 
0.021 
0.027 
0.042 
Table VI 
Spin distribution for dipole radiation for compound nucleus 
spin 3Q = 2 for selected values of the parameter g- and Ny 
I 
77 
X^  6 
3 
4 
5 
00 
0.272 
0,239 
0.225 
0.200 
0.363 
0.352 
0.346 
0.333 
Ny = 1 
0.265 
0.409 
0.429 
0.467 
N' = 2 
3 
4 
5 
00 
0.037 
0.030 
0.028 
0.022 
0.197 
0.168 
0.160 
0.133 
0.394 
0.371 
0.368 
0.333 
0.264 
0.287 
0.305 
0.311 
0.109 
0.144 
0.107 
0.200 
N, = 3 
3 
4 
5 
00 
3 
4 
5 
00 
0.039 
0.031 
• 0.028 
0.022 
0.041 
0.032 
0.028 
0.022 
AT » 
0.210 
0.175 
0.159 
0.132 
0.198 
0.162 
0.145 
0.177 
0.327 
0.300 
0.286 
0»257 
0.314 
0.283 
0.265 
0.231 
0.281 
0.299 
0.304 
0.309 
Ny = 4 
0.265 
0.276 
0.277 
0.272 
0.116 
0*150 
0.161 
0.198 
0.137 
0.173 
0.180 
0.219 
0.027 
0.044 
0.056 
0.081 
0.038 
0.062 
0.076 
0.107 
0.006 
0.012 
0.018 
0.032 
pjKLIOAKK. 
Table VII 
Spin d i s t r i lDut ion fo r d i p o l e r e d i a t i o n fo r compound nuc leus sp in 
J =3 for s e l e c t e d v a l u e s of t h e parameter ^ and Ny • 
.1 
u-
i 
3 
4 
5 
00 
3 
4 
5 
00 
3 
4 
5 
00 
. 0 1 2 
• 009 
. 0 0 7 
. 0 0 5 
• 094 
. 0 7 1 
. 0 6 2 
. 0 4 8 
t 0 9 9 
. 0 7 5 
. 0 6 4 
• 048 
. 3 0 1 
. 2 7 8 
. 2 3 8 
. 2 5 0 
. 2 1 0 
. . 1 9 1 
• 159 
. 265 
• 219 
. 1 9 7 . 
. 1 5 9 
Ny = 1 
. 3 5 4 
. 3 4 9 
. 3 4 5 
. 3 3 3 
Ny = 2 
. 3 7 6 
, 365 
. 3 5 6 
. 3 3 3 
\ = 3 
. 3 1 1 
. 2 9 7 
. 286 
• 259 
. 2 9 2 
• 350 
• 378 
. 4 2 9 • 
. 2 0 7 
0 C^^Xrx 
. 2 6 0 
• 286 
. 2 1 9 
. 2 5 5 
. 2 6 9 ' 
. 286 
. 0 7 2 
. 1 0 9 
• 130 
• 175 
• 077 
• 114 
• 134 
• 175 
• 016 
. 0 3 1 
• 042 
• 069 
3 
4 
5 
00 
. 0 1 7 
. 0 1 2 
. 0 1 0 
• 007 
• 116 
• 086 
• 073 
• 053 
N y = 4 
.249 .296 .206 
.203 .280 .236 
. 181 .266 .246 
.141 .234 .253 
. 0 9 0 
. 1 3 2 
. 1 5 4 
. 1 9 4 
^ . 0 2 2 
. 0 4 3 
. 0 5 7 
. 0 9 1 
. 0 0 3 
. 0 0 8 
• 012 
. 0 2 6 
Table 71II 
Spin distribution for dlpole radiations for compound nucleus spin JQ=4 
for selected values of the parameter o~ and Ny 
^ ^ 
3 
4 
5 
00 
3 
4 
5 
00 
3 
4 
5 
00 
3 
4 
5 
00 
0 
<,005 
o003 
• 002 
«001 
1 
-
. 0 3 7 
e024 
. 0 1 9 
. 0 1 2 
. 0 5 1 
. 0 0 3 
• 026 
. 0 1 6 
2 
r 
. 1 4 3 
. 1 0 3 
. 0 8 6 
. 0 6 2 
' . 148 
. 1 0 6 
. 0 8 9 
. 0 6 2 
. 1 7 0 
. 1 2 2 
. 1 0 2 
. 0 6 9 
3 
Wy 
, 416 
. 3 4 5 
. 3 1 3 
. 2 5 9 
Ny 
. 287 
«239 
«215 
0 . 1 7 3 
, 2 9 7 
. 2 4 7 
. 2 2 1 
. 1 7 3 
. 2 7 4 
. 2 2 7 
. 2 0 2 
. 1 5 4 
4 
= 1 
. 3 4 3 
. 3 4 6 
. 3 4 3 
. 3 3 3 
' = , 2 
. 3 5 4 
. 3 5 8 
. 3 5 3 
. 3 3 3 
= 3 
. 2 8 5 
. 2 8 9 
. 2 8 3 
. 2 5 9 
= 4 
. 2 6 8 
. 2 7 0 
. 2 6 3 
• 235 
5 
. 2 4 1 
. 3 0 9 
. 3 4 3 
. 4 0 7 
. 1 6 6 
. 2 1 4 
. 2 3 6 
. 2 7 2 
. 1 7 2 
. 2 2 1 -
. 2 4 2 
. 2 7 2 
. 1 5 8 
. 2 0 4 
. 2 2 2 
. 2 4 1 
6 
. 0 5 0 
. 0 8 7 
. 1 0 9 
. 1 6 0 
. 0 5 2 
. 0 9 0 
. 1 1 3 
. 1 6 0 
. 06 
. 1 0 3 
.129* 
. 1 7 8 
7 
. 0 0 9 
. 0 2 2 
. 0 3 3 
. 0 6 2 
. 0 1 3 
. 0 3 1 
. 0 4 5 
. 0 8 2 
8 
. 0 0 0 
. 0 0 5 
. 0 0 9 
• 023 
Table IX 
Spin distribution for dipole radiations for compound nucleus spin JQ=5 
for selected values of the parameter cr" and ^y • 
^ 
3 
4 
5 
00 
3 
4 
1 
5 
^ 
3 
4 
5 . 
00 
3 
4 
5 
00 
1 
' 
.016 
.009 
.006 
.003 
2 
' 
> 
.063 
.038 
.029 
.017 
.085 
.052 
.040 
.022 
^ 3 
' 
.190 
.130 
.106 
. 0 7 1 
.191 
.133 
.109 
. 0 7 1 
.214 
.152 
.124 
.079 
4 
h 
.470 
.382 
»341 
.273 •• 
.313 
.260 
*233 
.182 
.314 
.267 
.238 
.182 
.282 
. 2 4 3 . 
.217 
' .162 
5 
= 1 
.329 
.341 
.341 
.333 
= 2 
• 329 
, 34^ 
.250 
.333 
= 3 
.257 
.379 
.278 
.259 
4 
.235 
.'258 
.258 
.235 
6 
.200 
.277 
.317 
.394 
,133 
.189 
.217 
.263 
.134 
.194 
.222 
.263 
.120 
. .177 
.202 
.233 
7 
.035 
.070 
.094 
.151 
.035 
.072 
/ 
.097 
.151 
.040 
.082 
.110 
.168 
8 
.006 
.016 
.026 
.057 
.007 
.022 
.036 
.076 
9 
A 
. 0 0 1 
-.004 
.007 
. 0 2 1 
Table X 
Experimentally measured and Theoretically calculated isomeric ratio for even 
target nucleic 
Target 
nuc leus 
Ge--74 
Ge-76 
Se-76 
3e-S0 
3 n - l l 2 
Dj^-164 
Zn-68 
Zn-70 
Se-82 
0 
Gd-114 
Competing 
l e v e l s 
1/2-7/2 
12 / -7 /2 
1/2-7/2 
1/2-7/2 
1/2-7/2 
1/2-7/2 
1/2-9/2 
1/2-9/2 
1/2-9/2 
1/2-11/2 
Expt. measured 
i somer ic r a t i o , 
Ref. o the r than 
p r e s e n t measure-
ments . 
0.18 ± Q„05^^ 
0o238+ 0,031 ^ 
0,061+ OoUaO^^ 
o a i 5 ; f 0 .011^ 
0.333+ 0.130 
0,270+ 0,03 
0,0069+0.015 
0,075 +0.02 
0.060 + 0,04^'* 
0.11 + 0.04^'^ 
—^-
Approx, 
va lue 
of ^ 
2 + 0.5 
2 ,5+ 0.75 
1,3+ 0,2 
1.5+ 0,2 
3 + 0,75 
3 + 0 , 5 
1,75+ 0,25 
1.75^; 0,25 
1,75+ 0.5 
0" 
1.30 
1,50' 
1,75 
2 ,00 
2,50 
3 ,00 
4 ,00 
1,50 
1.75 
2.00 
2 .50 
2 ,50 
3.00 
4 ,00 
5,00 
J c = l / 2 
Ca lcu la ted i somer ic r a t i o 
Ny =2 N^ =3 
0.072 
0.111 
0.154 
0,188 
• 0,235 
0,263 
0.293 
0,055 
0,077 
0,094 
0,1175 
Ny =3 
0.068 
0,087 
0 .111 
0.123 
0,099 
0,154 
0.216 
0.265 
0,334 
0,376 
0 ,421 
0.0835 
0,1215 
0.153 
0 ,201 
0.116 
0.151 
0.193 
0,214 
(a) Report BKL-325 
(b) Lyon e t al 
(c) Report ML-6405 
(d) S c h a r t t Goldhaber e t al 
« , . G o n t d , . 
Os-lSQ 2,/2.~'d/2. 
Sn-I2g 3 /2 -11 /2 
Sn-122 3 /2 -11 /2 
Sn-124 3 /2 -11 /2 
Te-120 3 /2 -11 /2 
Te-126 3 /2 -11 /2 
Te-128 3 /2 -11 /2 
Te-130 3 /2 -11 /2 
Pd-110 3 /2 -11 /2 
Ba-132 3 /2 -11 /2 
Ge-136 3 /2 -11 /2 
Ce-138 3 /2 -11 /2 
Pd-lOS 5 /2-11 /2 
W~184 5 /2 -13 /2 
P t -196 5 /2-13/2 
P t -198 5 /2-13/2 
Hg-196 5/2-13/2 
-
0.31 ± 0. 
U.007 ± 
0.005 ± 
, 1 
0.007^^ 
0.003 
0«02 + 0 . 0 1 
0.139 ± 
0.08 ± 
0.078 + 
0.087 ± 
0.110 + 
0.08 
0.087 + 
0.027 ± 
0.019 •+ 
0.045®-' 
0.027 
0.045 
0.03 
0.007 
0.033^^ 
0.012®^ 
f ) 
0.004 
0.02 & 0.003 
0.059+ 0.024 
0.071+ 0.018®^ 
0.042 + 
-
0.008 
5 + 1 
1 .5+ ,0 .5 
1.5+ 0.5 
2 .0+ 0.5 
• 5 + 2 
5 + 2 
5 + 2 
5 + 2 
5 + 2 
5 + 2 
5 + 2 
2 + 1 
3 + 1 
6 + 2 
6 + 2 
6 + 2 ' 
or 
4. 
5 
6 
1.30 
1.50 
1.75 
2.00 
2 .50 
3.00 
4 .00 
5.00 
6,00 
7 .00 
2»5 
3 . 0 
.5~L 
2 , 5 
3 
' 4 
5 
6 
7 
' 0.111 
0.123 
0.130 
0.0025 
0.007 
0.0135 
0.02 
0.034 
0.043 
0.055 
O.O61', 
0.065 
0.067 
Ny fA 
0.0075 
0.012 
0.0185 
0.022 
0.0245 
0.026 
Ny =5 
0.193 
0 .221 
0.227 
0.011 
0 .021 
0.038 
0.0655 
0.0875-
0,129 
0.138 
0.1435 
0.1476 
0.015 
0.024 
.:,.,.-Ny = 6 _ : 
0.0525 
0.059 
0.062 
(e) Seagal (Pr ivate Gommmiication) 
(f) Sehgal e t al 
T a b l e XI 
E3q)eri men t a l l y measured and T h e o r e t i c a l l y c a l c u l a t e d i s o m e r i c r a t i o f o r odd 
n u c l e i 
T a r g e t S p i n Competing E x p t , measured N 
n u c l e u s I l e v e l s i s o m e r i c r a t i o . « 
Ref . o t h e r t h a n 
BNL-325 
measurements* 
Approx. 
v a l u e of 
I n - 1 1 5 
I n - 1 1 3 9/2 1 - 5 U. 97 + 0 . 0 3 
-„ U,37 
9 /2 1 - 5 Q.75 -r 0 . 1 4 
3 .4 
3,5 
4f-l 
4+1 
C a l c u l a t e d i s o m e r i c 
r a t i o 
J e = I - l / 2 Je=I4- i / 
xj— W^ =3 Ny> = 3 
3 U.666 Q.842 
4 0 .745 0 .896 
0 . 7 8 1 0 .917 
GO-59 
T a - 1 8 1 
E u - 1 5 1 
7 / 2 2 - 5 0 .56 -^  0.Q9 2 . 9 4-fl 
Sb-123 7 / 2 3 - 5 0 .016 + 0 .002 1 . 5 ^ . 5 
' / 2 5 - 8 0.0004 iZi Q \J 3+1 
Sb-121 5 / 2 3 - 5 , 0 . 0 0 9 5 ^ , 0 0 1 5 a ) 1 .5+0 .5 
5 /2 0 - 3 , 0 . 8 1 3 . 3 4+1 
3 
4 
5 
0 . 2 9 9 
0 . 3 5 3 
0 . 3 9 0 
1 .5 
•2 
0.023 
0.074 
3 
4 
0 
0 
My =3 
1 ,5 0 .005 
Q I 
2 
3 
0 .022 
0 . 0 5 4 
3 
4 
5 
0 .666 
0 .802 
0 .812 
0 . 4 7 0 
0 . 6 5 9 
0 . 6 9 8 
0 . 0 9 3 
N ^ , 3 , 4 I\Y' =4 
0 . 0 0 9 
0 . 0 2 2 
N K = 3 
0 . 0 2 3 
0 . 0 7 4 
0 .175 
0 . 9 0 6 
0 , 9 2 9 
0 . 9 3 8 
. . . c o n t d , . , 
Table XI 
Br-79 
I r - l 9 i 
Rh-103 
Ag-109 
c o n t d * . , 
3/2 2 -
3/2 1 -
1/2 2 -
1/2 1 -
5 
4 
5 
6 
0.25 ± 0.06, 
0.54^^ 
0.08 + 0.03 
0.03 + 0 .01 
3 . 6 
2 . 9 
3 . 2 
3 , 0 
5+1 
5 
* 
* 
cn 
4 
R 
6 
r^ 
4 
5 
6 
4 
5 
6 
4 
5 
6 
l^r- -4 
0.070 
0.080 
0 .091 
Ny -3 
0.204 
0.220 
0.240 
0 
0 
-1 
0 
0 
0 
N^ =4 
0.194 
0.217 
' " 0 . 2 5 0 
% =2 
0.431 
0.492 
0.50 
0 
0 
0 
0 
0 
0 
(a) G. Schart t e t al 
(b) E der Mateosisn e t al 
(*) Bxpt, valves are very high and needs remeasurements 
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Chapter 7 
Galcu ig t ions and Discuss ion . 
The i somer ic c r o s s - s e c t i o n r a t i o for i somer ic p a i r s 
produced by (n ,2n) r e a c t i o n a t 14 ,8 Mev i s c a l c u l a t e d i n t h r e e 
main p a r t s . The c a l c u l a t i o n s a re based on the work of 
Vandenbosch and Huizenga. 
The f i r s t p a r t i n c l u d e s the computation of the p a r t i a l 
compound nuc leus c r o s s - s e c t i o n s and the normal ized i n i t i a l 
compound nuc leus spin d i s t r i b u t i o n . The c r o s s - s e c t i o n for the 
formation of a compound nuc leus wi th spin J c a t energy E i s 
given by the e x p r e s s i o n , 
where /^ = de Brog l i e wavelength of the incoming p r o j e c t i l e 
I = spin of the t a r g e t n u c l e u s , 
S = spin of the p r o j e c t i l e and i s equal t o 1/2 for 
neu t rons 
T-j^ (E) = t r ansmis s ion c o e f f i c i e n t of a p a r t i c l e w i th o r b i t a l 
angular m.omentum 1 and energy E, 
The t o t a l c r o s s - s e c t i o n for the formation of a compound nuc leus 
i s given by sum of the p a r t i a l c r o s s - s e c t i o n s for a l l the 
oo 
i n d i v i d u a l spin and i s expressed a s : ^ Q—^J" F ) 
1^0 
Therefore the probability, ^c, of producing a compoimd 
nucleus of spin JQ is given by 
Jc=0 
This equation enables one to ca lcu la te the spin 
d i s t r i b u t i o n of .the compound nuclei formed by neutron 
i r r a d i a t i o n . The spin d i s t r i bu t ion in one of the cases 
measured i s shovm in the Fig« l(The curves for other cases are 
s imilar in shape). The transmission coeff ic ient i s knoim from 
the curves of Feld e t al drawn on the basis of a square well 
_-|o 4-
nUclear po ten t ia l with a rad ius , R=l,5xlQ -^  A cm. 
The second pa r t involves the computation of the 
normalized spin d i s t r i bu t ion af ter f i r s t and then second neutron 
emission. A pa r t i cu la r s t a t e in the compoimd nucleus with spin 
JQ can decay by neutron emission to any of the f ina l s t a t e s Jf 
depending upon the angular momentum carr ied away by the emitted 
neutron. The neutron may carry away sjiguiaj momentum 1=U,1,2 , 
The r e l a t i v e probabi l i ty for an i n i t i a l s t a t e J^ for emitting a 
neutron and thus going to a f inal s t a t e of spin J^ i s given by 
/^(^). ^ f{j^) YL YL "^f^^ ^ — ^ 
where s' = y = the intrinsic spin of the neutron 
TJ(E) = the transmission coefficient of the emitted neutron 
with angular momentum i and energy E, and 
P{X) oC Ao)C2-J£+l) ^-K-C^fHV'^cr ' ] 
-17-. 
Where O" is the spin'distribution factor andyO(o) is the 
density of levels with spin zero« 
The neutron transmission coefficient is a function 
of the energy of the emitted neutron and the radius of the 
nucleus emitting tne neutron. Ti(E) is taken as that for a 
neutron with an energy corresponding to the mean'kinetic energy 
given by evaporation theory. This approximation has been checkec 
by Vandenbosch and Huizenga. It has been found that the average 
neutron kinetic energy is twice the nuclear temperature and it 
is a very good approximation for isomeric ratio measurements, 
i.e. Ej^ =2T where T, the nuclear temperature can be calculated 
from the following expression (Blatt & Weisskopf) 
a ^ 
where EQ i s the average compound nucleus energy, B^ i s tne 
neutron binding energy and tne parsjiieter, a, can be known 
from the recent r e s u l t s of BramDlett e t al and i s a function 
of A, the atomic mass. Table I gives the value of B.E and ' a ' 
used in the ca lcu la t ions . 
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The normalized yield of spin J^ coming from initial 
spin JQ'is obtained by multiplying the initial normalized yield 
of JQ by the fraction of- J^ decaying to Jfe The total normalized 
spin distribution Jf is given by the sum of it over all the values 
of JQ. Such distribution is shown in Fig, 1, 
To obtain the spin distribution of nuclei after the 
emission of second neutron the calculations are repeated by 
considering the final state after the first neutr'on emission as 
the initial state for second neutron. This also is shoxm in 
Fig^ 1, 
Tlie computation of the normalized spin distribution 
following gamma ray emission form the third part of calculations. 
The calculations are similar to those carried out for (n,y ) 
cases (Chap. IV). The normalized value of spin distribution 
obtained by a cascade of gamma rays is multiplied by the 
normalized spin distribution following second neutron emission. 
To calculate the number of gamma rays emitted, Ny , after 
neutron emission is energetically prohibited Groshev expression 
for the average number of )i -rays emitted in the de-excitation of 
a nucleus of energy Eo is used, which is given as following: 
(2 « -^  2) Ny = 2j~aEo VI 
where t is the raultipolarity of the gamma ray, and for dipole 
emission t =-'1^  the expression VI reduces to 
Since N y , calculated from expression VII lies mostly arotind 3^  
in all the calculations N^ =3 has been used. The spin distributioi 
for Ny =3 for one case is shox-m in Fig« 1 for CT =3, 
The final spin distribution after gamma emission is shown 
in Table. II toVTL and from it the isomeric ratio ( ^ High spin/t7~ 
Total) can be calculated as described for (n,Y ) cases. 
TableVIU compares the experimentally measured isomeric 
ratio with that computed from the above method which enables one , 
to know the value of parameter CP. 
From the results it can be concluded that the value of 
g~ is equal to 4 ^  1 for all the cases measured. 
From the value of CT the value of the reduction factor 
of the moment of inertia which is connected with the deformation 
property of the nucleus can be estimated* Since 
2 I 
where T i s the nuclear temperature, I i s the moment of i n e r t i a 
of the actual nucleus, -n = Ji. where h i s the Plank 's constant . 
27V 
Thus knox<ring Tyi\ , cr > I can be calcula ted, 
a2 I = I?L 3^ 
2 
where b i s a measure of the reduction of the moment of i n e r t i a . 
below tha t of a r i g id spherical nucleus. I and I^ indica te the 
moment of i n e r t i a of the nucleus for actual and r i g i d spherical 
respectively. The moment of inertia of the rigid spherical 
body can be calculated from the following expression, 
where A is the atomic mass number, m is the mass of the nucleon, 
and R is the radius of the nucleus which is taken as 1,5x10 
Thus from expression ¥111, IX, X, b has been calculated for '-
the cases measured which is shoim in TablelX., This is in 
rcugh agreement with that obtained from the ratio of the 
deformations calculated from the energies of rotational states. 
It is difficult to have good agreement since the deformation 
feature at the high excited state is not knoim in detail.(Ref.8). 
Table I 
Value of binding energy and parameter a. 
Nucleus Binding Energy* Value of a Mev" 
MeV 
Ge-75 . 6.635 7 
Br-80 7,739 7 .5 
Sr-85 8«78 8 .8 
Zr-89 9.09 9 
Pd-109 ' 6.428 10. 
Sb-122 6.835 11.25 
* Nuclear Phys ics Vol. 25 (1961) No. 1 . page 1 . 
** Nuclear Phys ics Vol. 20 ( i960) No. 3 . page 395. 
T a M e I I 
F i n a l s p i n d i s t r i b u t i o n f o r t a r g e t n u c l e u s S b - l 2 3 and Nw =3 
Spin v a l u e CT~=3 tJ*=5. 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
lU 
11 
12 
U.U31 
U.137 
U,208 
U.2U9 
0 . 1 6 9 
Oe l lB 
U .071 
U.U36 
U.015 
U.U05 
U.UUl 
0 
0 
U.U22 
0.U99 
U.159 
U.173 
0 . 1 5 8 
0*132 
0.1011 
0 . 0 7 1 
0 . 0 4 4 
' 0 . 0 2 4 
0 . 0 1 1 
0 . 0 0 4 
0 . 0 0 1 
95 
Table III 
Final spin d i s t r i b u t i o n for t a rge t nucleus Br -81 and N^ =3 
Spin value 
Q 
1 
2 
3 
4 
5 
6 
7 
8 
9 
lU 
a-=3 
U.U45 
g . i 9 i 
0 . 265 
U.229 
U.1475 
0 .077 
Oe032 
U*U1U5 
U.UU3 
0 
U 
C7-=5 
0 .032 
U.143 
0 .217 
0 . 2 1 4 
0 .166 
0 .112 
0 . 065 
0 .032 
0 . 0 1 3 
0 . 0 0 4 
0 . 0 0 1 
Table IV 
F i n a l spin d i s t r i b u t i o n for t a r g e t nuc leus 
Z-r -90 and E^ =3 
Spin v a l u e 
1/2 
3 /2 
5/2 
7 /2 
9/2 
11/2 
13/2 
15 /2 
17/2 
19/2 
Q- =3 
0.097 
0.252 
0.280 
0 .201 
0.108 
0.042 
0.016 
0.004 
0 .001 
0 
vT =5 
0.068 
0 .191 
0.243 
0.210 
0.142 
0.0835 
11.041 
0.016 
0.0055 
0.001 
Table V 
Final spin distribution for target nucleus Sr -86 and N^ =3 
Spin value 
1/2 
3/2 
5/2 
7/2 
9/2 
11/2 
13/2 
15/2 
17/2 
1 /^a 
a- =3 
0.096 
0.251 
0.278 
0.200 
0.109 
0.043 
0.018 
0.004 
0.001 
0 
KT =5 
0.065 
0.190 
0.241 
0.209 
0.143 
0.085 
0.042 
0.018 
0.006 
0.001 
Table VI 
F i n a l spin d i s t r i b u t i o n for t a r g e t nuc leus Pd- l lO and N ^^  "3 
Spin v a l u e Cr=3 <J" =5 
1/2 0.089 0.061 
3 /2 0.2345 0,175 
5/2 0.269 0.227 
7/2 0.204 0.204 
9/2 0.119 0,148 
11/2 0.053 0.095 
13/2 0.022 0.052 
15/2 0.007 0.025 
17 /2 ^ 0.002 0 .011 
19 /2 0 0.003 
21/2 0 0 .001 
Table V I I 
F i n a l sp in d i s t r i b u t i o n for 
Target nuc leus Ge-76 and N. =3 
Spin va lue 
1/2 
3/2 
5/2 
7/2 
9/2 
11/2 
13/2 
15/2 
17/2 
U~=3 
0.106 
Oe271 
Oe292 
0.196 
0.094 
0.030 
0.009' 
0.002 
0 
0 - = 5 
0.072 
0 .201 
0.252 
0 .211 
0.138 
0.077 
0.035 
0 .011 
0.003 
\ 
a 
Table VB 
Calcuisted and experimentally measured isomeric cross-sect ion r a t i o s . 
Isomeric Target Competing High spin/ Total 
pa i r spin l eve l s Experimentally Calculated 
measured @ 
0"=3 Cr=5 
0.52 ± 0,09 0.33. , 0.63 
0.33 ± 0.06 0.20 0.33 
0.58 ± 0.09 0.38 0.50 
0.47 + 0.08 0.51 0.63 
0.65 + 0.13 0.62 0.73 
0.72 + 0,09 0.51 0.63 
Sb^-^^(n,2n) 
no 
Pd (n,2n) 
Br'^-^(n,2n)* 
Sr^^(n,2n)* 
Ge'^^{n,2n) 
Zr^^(n,2n) 
7/2 
0 
' 3/2 
0 
0 
0 
3 -
5/2 -
1 -
1/2 -
1/2 -
1/2 -
5 
11/; 
5 
9/2 
7/2 
9/2 
@ The cross-sect ion value of ground s t a t e i s taken from ref . 7 
* Value of the isomeric r a t i o i s taken from ref. 6 
Table IX 
Reduction f a c t o r measurement 
React ion Nuclear Reduction 
t empera tu re C7~ = f a c t o r 
KeV 
Sb-^''^^(n,2n) Sh^^^'^ 0.504 4 g.44 
Pd^^*^(n,2n) Pd^"^^ '^ U.689 4 0.61 
B r ^ l ( n , 2 n ) Br^^^ 'S 0.653 
S r^^ (n ,2n ) Sr^^°^»S ^0.500 
Ge'7^(n,2n) Ge'^^^^'S 0.757 
Zr^^(n ,2n) Z r ^ ^ ' S 0.472 
4 
3 
3 
4 
0.69 
0.46 
0.37 
0.80 
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Abstract: Thermal neutron activation cross-sections for the following cases have been measured 
by making irradiation witli the "Swimming pool" reactor at Trombay, Bombay with the 
following results 
Pt'«6(n, y)Pti9™(69±20 % mb), Osix'ln, y j O s ^ ^ l S i S S % mb), 
Wi84(n, y)^^'l85m(22±20 % mb), Dyi^tn, y)Dyi«°(951 ± 2 6 % b), 
Te"0(n, y)Tei"(161±15 % mb), IV^'Cn, y)Tei2''(178±15 % mb), 
Tei28{n, y )Te i" ( l034±15 % mb), Cd"«(n, y ) C d " ' ( < 8 mb), 
Cdi»8(n, y)Cdi»9(U10±25 % mb), Cdii»(n, y )Cd"" ' (132±15 % mb), 
Zn'»(n, y)Zn""i(9±20 % mb), Zn'»(n, y ) Z n " ( l l l ± 2 0 % mb), 
Zn«»(n, y)Zn»""(83^15o/^ jnb), Zn«8{n, y)Zn'=^{1116±15 % mb) 
The activation method was emploj'cd for these measmements 
1. Introduction 
The present work was undertaken to measure the isomeric cross-section 
ratio for different isomeric pairs produced by thermal neutrons, to study the 
semi-empirical rule of Mateosian and Goldhaber ^) and to complete and im-
prove the data on thermal neutron cross-sections The activation method 
was used for these measurements. A scintillation spectrometer was employed 
for radioactive nuclei which decay by the emission of y-rays, and an end 
window /9-counter was used for nuclei which decay through ^-particle emission. 
2. M e a s u r e m e n t s 
The cross-section measurements were made relative to the Au-'^ '^(n, y)Au^^^ 
reaction, for cases m which detection of y-rays by scintillation technique is 
suitable. The cross-section for Aui^'(n, y)Ku^^^ has been taken as 98^^! b 
as given m the AECU 2040 (1955) report. For cases where the end window 
/3-counter, of wall thickness 2 2 mg/cm^ was employed, the Mn*^(n, y)Mn^* 
reaction was taken as the standard, with cross-section as 13.4J::0.3 b as given 
t Present address Physics Depaitment, Washington State University, Pullman 
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in ret. ^). The sources studied in the present measurements were obtained from 
Johnson Matthey & Co., Ltd., London and had a purity of better than 99.9 %. 
Irradiations were made in the thermal column and also near the core of 
the reactor. For sources irradiated in the thermal column, the sample was 
enclosed in a perspex container and was placed in a hole in a graphite block, 
which could be inserted in the thermal column. The arrangement was such as 
to ensure the reproducibility. The thremal neutron flux in the thermal column 
at the place of irradiation was of the order of 10' neutrons per cm^ • sec^^. 
For cases studied by irradiating near the core, the sample was enclosed in 
a special container and the arrangement was such that the height of sample in 
the irradiating pipe was always exactly at the centre of the fuel elements. 
For cases irradiated near the core, the percentage'of resonance neutrons was 
taken into account by the usual cadmium ratio. In such cases the flux of 
neutrons at the point of irradiation was of the order of lO^^ neutrons per 
cm^ • sec~i. Every time the sample was irradiated, either in the thermal column 
or near the core, the flux was calibrated simultaneously with the help of the 
standard reaction as reactor calibration was not so sensitive. Most of the sample 
activity was followed for three to four half-lives, after irradiation. 
For cases where radioactive nuclei decay through emission of /S-particles of 
different energies, the respective values of mass absorption coefficient for each 
energy of the ;S-particle were used, taking into account the proper branching 
ratio of the (3-particles. Absorption correction E in such cases was taken to be 
100^ - r J, V / 
where a, b and c are the percentages of branching ratio, fi-^, pL^ and /^ g are the 
respective mass absorption coefficients, and d, is the effective thickness which the 
/9-particle has to travel before being counted. 
In cases of isomeric transition the contribution from the upper state has 
been calculated from the following expression^): 
dA 
+ (cra+cTb)woH)G(l-e-^'''^)e-^^* 
+ a^no{nv)G—~- (e-^»'e_e-^»*<=)e~^''«. 
Here CT^ a-i^ d. a^, are the cross-sections for the formation of states a and b (a is 
the isomeric state and b is the ground state), Aa and ?H) are the respective decay 
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constants; n^ is the number of nuclei in the target nucleus; (nv) G is the neutron 
flux; t^ is the time of irradiation; and t is the time which lapses between the 
stopping of irradiation and the starting of activity counting. 
2.1. THE P t " ' ( n , y ) P t " ' " REACTION 
Platinum foil was irradiated in the thermal column. The radiations of Pti^'m 
were detected with a well-type sodium iodide (Tl activated) crystal. The 
photopeak due to 346 keV y-rays was studied for a number of times for 7 h. 
The area under the photopeak when plotted as a function of time gave a curve 
J 97m, „ 
-346+x 13 . 2 ^ 
Pt' ''(SOmin) 
2 
3 Pt^^^'dSh) 
Fig. 1. Principal features of the Pt^"™ decay scheme. 
consisting of two activities. The later activity when substracted from the curve 
gave an activity which was decaying with half-life of 80 min; it was attributed 
to Pt^*'"^. The calculations were made from the photopeak. The decay scheme 
from Dzelepov and Peker *) is shown in fig. 1. The K and L conversion coeffi-
cient values were calculated from tables of Sliv and Band )^ knowing the 
spins and parities of two levels. 
2.2. THE Osi8'(n, yjOs"""" REACTION 
Osmium was irradiated near the core of the reactor. Immediately after 
irradiation, the photopeak under 614 keV y-rays was studied. The decay curve, 
above a very low bias so as to include X-rays and 30 keV y-rays, was studied 
for 3 h. I t resulted in two activities. When the 6.3 h activity due to Os^^^"" 
was subtracted, the remaining activity was found to decay with a half-life of 
11 min. This 11 min activity was attributed to Os^ "^™. Using the value of the K 
internal conversion coefficient from the tables of Sliv and Band ^), the percent-
age of KX-rays and y-rays in each transition was found. The error due to 
L-conversion was found to be less than 1 %. The cadmium ratio was found 
separately. 
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times The area under the photopeak when plotted as function of time gave a 
half-hfe activity of 49 mm which was attributed to Cd^ ^^ ™ 
2 7 T H E Cd"«(n y)Cd" ' REACTION 
Cadmium-116 was studied with an end window /3-counter after irradiating 
m the thermal column The values of /3-energies were taken as 1600 keV and 
3000 keV as given by Dzhelepov and Peker *) The mean value of absorption 
correction was used for calculating the cross-section The contribution from 
isomeric state was not calculated as the decay scheme is not properly known 
The measured value was taken as the upper limit for this cross-section This 
also includes conver'^ion electrons due to Cdm™ activity 
2 8 T H E Zn«8(n y)Zn«™ REACTION 
The area under the 438 keV y-ray photopeak when plotted as a function 
of time gave an activity of 13 9 h half-life which was attributed to Zn^"" The 
internal conversion coefficient value was taken from Strommger, Hollander 
and Seaborg *) The contribution from the isomeric state was calculated by 
using eq (2) 
2 9 THE Zn68(n y)Zn«» AND Zn'"(n y)Zn'i'=» REACTIONS 
A thm film of zinc oxide was formed between two cellotapes and irradiated 
near the core The decay curve, studied with an end window /5-counter for 3 h, 
consisted of two activities of 2 2 mm and 57 mm which were separated The 
cadmium ratio was found separately 
2 10 T H E Zn'»(n y)Zn ' i " REACTION 
Zmc oxide film was irradiated near the core, because 14 h irradiation m the 
thermal column failed to give 3 h activity The sample activity, after it had 
decayed for 8 h to allow Zn^* activity to decay, was studied for 10 h The 
decay curve consisted of two activities The 14 h activity observed due to 
conversion electrons of Zn^'"" when subtracted from the total activity gave an 
activity which decayed with a half-life of 3 h This was attributed to Zn'^ ™ 
3. Results 
The results of the above measurements are given m tables 1 and 2 The 
isomeric ratio rule of Mateosian and Goldhaber m slow neutron capture is 
verified for the above measured cases where the spins of the various levels 
involved are known 
The authors are thankful to the Department of Atomic Energy, Government 
of India, and especially to Dr Ramanna and members of the Reactor group 
for providing equipment and working facilities at Trombay One of the authors 
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2 3. THE Wi84(n, y)\Vi85m REACTION 
The W^^ ^™ nucleus decays by the emission of 165 keV and 125 keV y-rays 
in cascade. The 165 keV y-rays decay by E3 transition while the 125 keV 
y-rays decay through Ml transition. As the half-life is short, the only decay 
curve studied was with the bias adjusted to cut off K and L X-rays. The 
W^^^"^(1.62min) .ggg 
\ 
E3 
W'^^(74.5cl) ,, 
I sf ,25 
2 
Fig. 2. Principal features of the Wi'^ ™ decay scheme. 
activity of 1.55 min half-life was attributed to Wi^ ^m jj^g decay scheme as 
shown in fig. 2 is from Dzhelepov and Peker *). The correction for internal 
conversion was done as in the Os case. The cadmium ratio was found separately. 
2.4. THE Tei26(n, y)Tei", Te"8(n, y)Tei2«, Te"»(ii, y)Te"i and Dyi««(n, y)Dyi«* REACTIONS 
Activities with an end window /3-counter were studied and contributions from 
isomeric state were calculated using eq. (2). The decay schemes were taken from 
Strominger, Hollander and Seaborg^). 
2 0. THE Cdi™(n, yjCd"" REACTION 
After irradiating near the core of reactor for 6 h, cadium foil was allowed 
to decay for 50 d so as to allow other activities due to (n, p), (n, a) and (n, y) 
reactions to decay. The photopeak of the 88 keV transition was studied for 
126 d with 15 d intervals. The area under the photopeak when plotted as a 
function of time gave an activity with a half-life of 480 d. For calculating the 
cross section, the value of half-life is taken as 470 d as given by Gun and Pool ' ) . 
The Cd^"^ nucleide decays through electron capture leaving Ag^^^ in an excited 
state. The Ag^ ^^ ™ nucleide decays b}^ M3 transition with a half-life of 40 sec. 
Since this half-life is very small in comparison with the half-life of Cd^" ,^ it will 
not effect the cross-section measurement. The value of the internal conversion 
coefficient for the 88 keV y-ray was taken from the result of Wapstraand Eijk*). 
2.6 T H E Cd"»(n, y)Cdinm REACTION 
Cadmium-110 decays by the emission of 150 keV and 247 keV y-rays in 
cascade. As the 150 keV y-ray is strongly converted, the cross-section value 
was measured by taking the photo-area under the 247 keV y-ray at different 
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T A B L E 1 
T h e r m a l n e u t r o n s c ross-sec t ions 
Reaction 
Pti9S(n,y)Pt"™ 
Os'89(n, y)Os"»m 
Wi**(n,y)Wi8™ 
Dyi"(n, y)Dyi6o 
Te"»(n, y )Te i" 
Tei28(n, y)Tei2!> 
Te"6(n ,y)Tei" 
Cd"«{n,y)Cd"' 
Cd"»(n, y)Cdi"™ 
Cdi»8(n, y)Cd"9 
Zn"'(n, yjZn'im 
Zn">(n, y)Zn'i 
Zni'8(n, ylZn*'" 
Zn««(n, y)Zn«« 
Measured 
hali-life 
80 
11 
1 55 
144 
25 
70 
9 3 
50 
49 
470 
180 
2 2 
13 8 
51 
mm 
mm 
mm 
mm 
mm 
mm 
h 
mm 
mm 
d 
mm 
mm 
h 
mm 
Cross-sections 
Present work 
69 ± 2 0 % 
8 ± 2 5 % 
22±20 % 
951 ± 2 5 % 
161 ± 1 5 % 
178 ± 1 5 % 
1 0 3 4 ± 1 5 % 
< 8 mb 
132 ± 1 5 % 
1410±25 % 
9 ± 2 0 % 
111 ± 2 0 % 
83 ± 1 5 % 
i n 6 ± i 5 % 
mb 
mb 
mb 
b 
mb 
mb 
mb 
mb 
mb 
mb 
mb 
mb 
mb 
Earlier work 
< 1 0 m b ' ) 
<1000 b^) 
220 ± 2 3 % 
130 ± 2 5 % 
900 ± 2 5 % 
200 ± 5 0 % 
85 ± 2 4 % 
100±30 % 
1000 ± 2 0 % 
mb^) 
mb2) 
mb^) 
mb^) 
mh") 
mb2) 
mb2) 
T A B L E 2 
I s o m e r i c cross-sect ion r a t i o s for t a r g e t nuc le i of sp in 0 
R e a c t i o n C o m p e t i n g levels '^high-spin 
f^ low—spin 
p^l97i 
P t " ' )^ 
•W'l*" ") 
Dyl65 
£)Yl65m aj 
Xel31ni a\ 
Xeiai 
'Pgl29m a\ 
Tel29 
'J'gl27m a\ 
xis 
Zn' im 
Z u " 
Zn"™ 
Zn«9 
Hi 
1/4 
0 063 ± 0 029 
0 001 ± 0 0003 
0 3 6 5 ± 0 085 
0 049 
0 0 8 4 ± 0 028 
0 087 ± 0 023 
0 041 ± 0 017 
0 0 7 4 ± 0 015 
^) V a l u e of cross-sect ion for t h i s s t a t e is t a k e n f rom ref ^) 
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